
SETTING A NEW STANDARD IN THE ANALYSIS

OF BINARY STARS

Scientific Organising Committee Local Organising Committee
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Conference programme

Invited talks: 25 minutes + 5 minutes for questions/discussion

Contributed talks: 15 minutes + 5 minutes for questions/discussion

Monday, September 16 (day 1):

8:45–9:00: Welcome: Krešimir Pavlovski

Session 1: Setting a new standard in analysis of high-mass binary stars

9:00–09:30: Douglas Gies: Introductory talk (invited)

9:30–10:00: Raphael Hirschi: The role of rotation in stellar structure and
evolution (invited)

10:00–10:30: Alex de Koter: Quantitative spectroscopy from the VLT
FLAMES survey (invited)

10:30–11:00: Robert Izzard: Chemical evolution of binaries: theoretical
aspect (invited)

11:00–11:30: coffee break + poster view

11:30–12:00: Krešimir Pavlovski: Probing the models: Abundances for
high-mass stars in binaries (invited)

12:00–12:30: Norbert Przybilla: Quantitative spectroscopy of OB stars:
from dwarfs to supergiants (invited)

12:30–13:00: Fernanda Nieva: Effective temperature scale and bolometric
corrections for OB stars (invited)

13:00–14:30: lunch

14:30–15:00: Gregor Rauw: Interacting massive binaries (invited)

15:00–15:30: Jason Grunhut: Magnetic fields in massive early-type stars
(invited)
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15:30–15:50: Herbert Lau: Investigating rotational mixing and binary
interaction by new binary population synthesis code BONNfires
(contributed)

15:50–16:10: Coralie Neiner: The BinaMIcS project: Binarity and mag-
netic interactions in various classes of stars (contributed)

16:10–16:40: coffee break + poster view

Session 2: Setting a new standard in analysis of multiplicity surveys

16:40–17:10: Hugues Sana: The VLT–FLAMES survey: multiplicity
among high-mass O-type stars (invited)

17:10–17:40: Rolf Chini: Stellar Multiplicity across the Mass Spectrum
(invited)

17:40–18:10: Alexandre Gallenne: Binary Cepheids from optical interfer-
ometry (invited)

18:10–18:40: Nadya Gorlova: Monitoring evolved stars for binarity with
the HERMES spectrograph (invited)

19:00: Welcome reception

Tuesday, September 17 (day 2)

Session 3: Setting a new standard in analysis of intermediate
and low-mass binaries

9:00–9:30: Guillermo Torres: Observational constraints from binary stars
on stellar evolution models (invited)

09:30–10:00: Tabetha Boyaijan: Stellar diameters and temperatures along
the Main Sequence (invited)

10:00–10:20: Carlo Abate: Probing AGB nucleosynthesis with binary
stars (contributed)

10:20–10:40: Michal Simon: Dynamical masses of pre-main sequence
stars in the Taurus star-forming region (contributed)
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10:40–11:10: coffee break + poster view

11:10–11:40: João Fernandes: Modelling convection parameters from ob-
servations of FGK binary stars (invited)

11:40–12:10: Juan Carlos Morales: The effect of activity on the funda-
mental properties of low-mass stars (invited)

12:10–12:40: Colin Folsom: Chemically peculiar stars in binaries (in-
vited)

12:40–13:00: Gregory A. Feiden: Do magnetic fields actually inflate low-
mass stars? (contributed)

13:00–14:30: lunch

Session 4: Advances in interferometry of binary stars

14:30–15:00: Christian Hummel: Recent advances in the interferometery
(invited)

15:00–15:30: Gail Schaefer: Angular resolution and imaging of binary
stars and circumstellar gas with the CHARA Array Interferometer
(invited)

15:30–16:00: Pierre Kervella: DeltaVel: interferometric view on an eclips-
ing binary (invited)

16:00–16:30: coffee break + poster view

Session 5: Synergy: Binaries in the Local Group of Galaxies

16:30–17:00: Alceste Bonanos: Binaries in Local Group of Galaxies (in-
vited)

17:00–17:30: Grzegorz Pietrzynski: The Araucaria Project: Precise and
accurate distance determination to the LMC and SMC (invited)

17:30–18:00: Gisella Clementini: Binaries and pulsating stars in the LMC
(invited)

18:00–18:20: Aaron Geller: Binary stars in open clusters: connecting
observations and simulations (contributed)

5



Wednesday, September 18 (day 3):

Session 6: Advances in spectroscopic methods

9:00–9:30: Maciej Konacki: Ultra-high precision RV measurements for
binary stars. Spectral disentangling with iodine cell (invited)

09:30–10:00: Holger Lehmann: Spectroscopic analysis of eclipsing SB2
stars: a case study (invited)

10:00–10:20: Milena Ratajczak: Studies of red giants in eclipsing binaries
(contributed)

10:20–11:00: coffee break + poster view

11:00–11:30: Andrew Tkachenko: Least-Squares Deconvolution based
analysis of stellar spectra (invited)

11:30–12:00: Matthieu Palate: CoMBiSpeC: a novel approach in the
modelling of massive binaries (invited)

12:00–12:30: Simon Albrecht: The Rossiter-McLaughlin effect: observa-
tional aspect (invited)

12:30–13:00: Petr Hadrava: Theoretical backgrounds for interpretation
of spectroscopic observations (invited)

13:00–14:30: lunch

Session 7: Advances in photometric analysis

14:30–15:00: Andrej Prša: PHysics Of Eclipsing BinariEs: General con-
siderations and the current state-of-art in the field (invited)

15:00–15:30: Steven Bloemen: PHysics Of Eclipsing BinariEs: Modeling
in the new era of ultra-high precision photometry (invited)

15:30–16:00: Pieter Degroote: PHysics Of Eclipsing BinariEs: Where no
model has gone before (invited)

16:00–16:30: coffee break + poster view

16:30–17:00: Kelly Hambleton: PHysics Of Eclipsing BinariEs: Heart-
beat stars and tidally induced pulsations (invited)
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17:00–17:20: Kyle Conroy: PHysics Of Eclipsing BinariEs: Triple and
multiple systems (contributed)

17:20–17:40: Rachel Matson: Fundamental properties of eclipsing bina-
ries in the Kepler field of view (contributed)

17:40–18:00: Christopher Farrington: Spatially resolving spectroscopic
binaries with the CHARA array: the SFP project (contributed)

18:00–18:20: Rohit Deshpande: Dynamical masses of Kepler eclipsing bi-
naries with APOGEE & HET (contributed)

Thursday, September 19 (day 4):

Session 8: Synergy - pulsating stars in binaries

09:00–09:30: Conny Aerts: Asteroseismology of binary stars (invited)

09:30–10:00: Dariusz Graczyk: Cepheids in LMC binaries (invited)

10:00–10:30: Barna Imre Biro: Dynamic eclipse mapping technique (in-
vited)

10:30–10:50: Gloria Koenigsberger: Tidal flows in asynchronous binaries:
Observational consequences (contributed)

10:50–11:20: coffee break + poster view

11:20–11:50: Jonas Debosscher: Gamma Doradus pulsations in eclipsing
binaries (invited)

11:50–12:20: Paul Beck: Seismology of red giant stars in eccentric bi-
nary systems discovered from Kepler space-based photometry and
Hermes high-resolution spectroscopy (invited)

12:20–12:40: Adam Sodor: Extensive spectroscopic and photometric
study of HD25558, a long orbital period double-lined spectroscopic
binary with two SPB components (contributed)

12:40–13:00: Zdenek Mikulasek: Hi-fi phenomenological description of
eclipsing binary light variations as the basis for their period anal-
ysis (contributed)

12:50–14:30: lunch
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Session 9: Emerging challenges and insights from “One of the kind” EBs

14:30–15:00: Pierre Maxted: Stripped red giant cores in eclipsing binary
star systems (invited)

15:00–15:30: Katrina Exter: The bizarre eclipsing nucleus of the plane-
tary nebula SuWt2 (invited)

15:30–16:00: Keivan Stassun: 2M0535-05: The only known brown dwarf
eclipsing binary (invited)

16:00–16:30: coffee break + poster view

16:30–17:00: Aliz Derekas: HD181068: triply eclipsing system with in-
trinsically variable red giant component (invited)

17:00–17:20: Nancy Roman Evans: Characterizing binary properties of
5 M¯ stars: New approaches using cepheids (contributed)

17:20–17:40: Shengbang Qian: Close-in companions to contact binary
stars (contributed)

17:40–18:00: Lucia Suarez Andres: Chemical abundances in the secondary
star of low mass X-ray binary Cygnus X-2 (contributed)

18:00–: Guillermo Torres: Summary talk (invited)

20:00: Conference dinner

Friday, September 20 (day 5):

10:30–12:30: Guided tour through the city of Leuven
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Mikulášek Zdeněk Masaryk University, Brno, Czech Republic
mikulas@physics.muni.cz

Morales Juan Carlos LESIA, Paris-Meudon Observatory, France
Juan-Carlos.Morales@obspm.fr

Moravveji Ehsan IvS, KU Leuven, Belgium
ehsan@ster.kuleuven.be

Mowlavi Nami Observatory of Geneva, Switzerland
Nami.Mowlavi@unige.ch

Muraveva Tatiana INAF, Osservatorio Astronomico di Bologna, Italy
tatiana.muraveva@oabo.inaf.it

Naito Tsuguya Yamanashi Gakuin University, Kofu, Japan
tsuguya@ygu.ac.jp

Nasseri Anita Astronomisches Institut, Ruhr-Universität, Bochum, Germany
anass@astro.rub.de

Neiner Coralie LESIA, Paris-Meudon Observatory, France
coralie.neiner@obspm.fr

Nieva Fernanda Dr. Remeis-Sternwarte Bamberg, Germany
nieva@sternwarte.uni-erlangen.de
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milena@ncac.torun.pl

Rauw Gregor Institut d’Astrophysique et de Géophysique, ULg, Belgium
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Session 1:

SETTING A NEW STANDARD IN ANALYSIS
OF HIGH-MASS BINARY STARS

SETTING A NEW STANDARD IN THE ANALYSIS OF BINARY STARS:
AN INTRODUCTION

Douglas R. Gies
CHARA, Georgia State University, Atlanta, GA 30302, USA

This is an era of large scale observational surveys and precise observational measurements,
and there are enormous opportunities for new research in binary star astronomy. It is our
job to hone our existing analysis tools and to develop new methods that will meet the
challenges posed by these new observations. Our gathering in Leuven provides us with
the time to assess the broad scope of observational programs, discuss the merits of anal-
ysis techniques, and identify the connections with model stellar atmosphere and interior
calculations. Here I outline some of the issues related to the analysis of spectroscopic,
photometric, and high angular resolution observations of binary stars that we will address
at the meeting.

THE ROLE OF ROTATION IN STELLAR STRUCTURE AND EVOLUTION
Raphael Hirschi

Astrophysics Group, Keele University, Staffordshire, UK

Rotation plays an important role in the structure, evolution and fate of stars. Indeed, the
centrifugal force acts against gravity and extremely fast rotating stars depart significantly
from spherical symmetry. Rotation induces several instabilities (meridional circulation
and shears) that lead to mixing in radiative zones. This enables changes of the compo-
sition of stars at their surface during the main sequence and significantly increases the
production of nitrogen and s-process elements in low-metallicity stars. Finally, the spin of
the collapsing iron core may affect how massive stars explode (e.g. GRBs and magnetars).
In this talk, I will give an overview of the processes linked to rotation and the impact
of rotation on stellar evolution. I will also discuss the uncertainties in the treatment of
rotation in stellar evolution codes, the interplay between rotation and magnetic fields and
observational constraints.
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QUANTITATIVE SPECTROSCOPY FROM THE VLT/FLAMES SURVEY
Alex de Koter

University of Amsterdam, The Netherlands

The VLT FLAMES Tarantula Survey is an ESO Large Program from which we have ob-
tained optical spectroscopy of over 800 massive stars in the 30 Doradus region of the Large
Magellanic Cloud. The main focus of this European-US project is to address outstanding
questions in how massive stars evolve from the early main sequence to their deaths as
core collapse supernovae. A key feature is the use of multi-object observations to pro-
vide strong constraints on the binary fraction. A follow-up program is currently running
that will allow us to constrain orbital properties as well. Studies so far have focussed on
serendipitous findings and on relatively ’easy to obtain’ ensemble properties. I will discuss
a selection of the results obtained so far, including new insights in our understanding of
binaries and binary evolution.

CHEMICAL EVOLUTION OF BINARIES
Robert Izzard

Argelander-Institut für Astronomie, Bonn, Germany

Energy generation by nuclear fusion is the fundamental process that prevents stars from
collapsing under their own gravity. Fusion in the core of a star converts hydrogen to
heavier elements ranging from helium to uranium. The signature of this nucleosynthesis
is often only visible in a single star for a very short time, e.g. while the star is a red giant
or, in massive stars, just after it explodes. In contrast, matter from a star in a binary
system can be accreted by its companion which remains chemically polluted long after the
primary star has evolved and died. By probing old, low-mass stars we gain vital insight
into the complex nucleosynthesis that occurred in more massive stars when our Galaxy
was much younger than it is today. Stellar evolution itself is also affected by the pres-
ence of a companion star which can dramatically alter the chemical yield from a binary
system. We understand that events such as thermonuclear novae and type Ia supernovae
result from mass transfer in binary stars, but big questions still surround the nature of
their progenitors. Stars may even merge and one of the challenges for the future of stellar
astrophysics is to quantitatively understand what happens in such extreme systems.
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PROBING THE MODELS: ABUNDANCES FOR HIGH-MASS STARS IN BINARIES
K. Pavlovski1 & J. Southworth2

1) Department of Physics, University of Zagreb, Croatia
2) Astrophysics Group, Keele University, Staffordshire, U.K.

The complexity of composite spectra of close binaries makes the study of the individual
stellar spectra extremely difficult. For this reason there exists very little informtion on the
chemical composition and the photospheric metallicity of stars in close binaires, despite its
importance for understanding for the evolutionary studies. In the list of the most accurate
stellar fundamental quantities derived in close binary systems critically compiled by Torres
et al. (2011) detailed abundances were derived for only 4 out of 98 binary systems. In a
long-term observational project we aim to fill this gap with systematic abundance studies
for the variety of binary systems (high-mass, Algols, Am binaries, etc.). In the core of
our analysis is spectral disentangling technique which allows isolation of the individual
component’s spectra from the time-series of binary star spectra.

We present new results for high-mass stars in close binaries. So far we have measured
detailed abundances for 22 stars in a dozen binaries, either for our own project or in
collaboration with other research groups. The parameter space for the stars in our sam-
ple comprises masses in the range 8 to 22 M¯, surface gravities of 3.1 and 4.2 dex, and
projected rotational velocities of 30 to 240 km/s. Whilst recent rotationally evolutionary
models for single stars predict changes in photospheric abundances even during the Main
Sequence lifetime, no stars in our sample, either close to the ZAMS, or beyond the TAMS,
shows signs of the predicted changes. It is obvius that other effects are prevailing in the
chemical evolution of components in binary stars, and we hope that further calculations of
the evolution of stars in close binary systems might shed light on this observational puzzle.

QUANTITATIVE SPECTROSCOPY OF OB STARS:
FROM DWARFS TO SUPERGIANTS

Norbert Przybilla
Institute for Astro- and Particle Astrophysics, University of Innsbruck, Austria

We discuss recent progress made in the spectral modelling of OB stars from the zero-
age main sequence to evolved phases as BA-type supergiants. Non-LTE line-formation
computations can now reproduce observed spectra over the entire optical and near-IR
wavelength range with high confidence, facilitating stellar atmospheric parameters and
elemental abundances to be determined at high accuracy and precision. The observa-
tional constraints for a larger sample of Galactic objects are put in context with state-
of-the-art evolution models for rotating massive stars. Finally, an overview is given how
the fundamental stellar parameters of single stars determined by the new approach to
quantitative spectroscopy compare to high-precision data derived from detached eclipsing
massive binary stars.
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EFFECTIVE TEMPERATURE SCALE AND BOLOMETRIC CORRECTIONS FOR
OB STARS

Maria-Fernanda Nieva
Dr. Remeis-Sternwarte Bamberg, Germany

Institute for Astro- and Particle Physics, University of Innsbruck, Austria

I will discuss different methods aiming to determine/estimate effective temperatures in
single OB stars and the consecuences that they produce in the quantitative spectral anal-
ysis. The bolometric corrections and the spectral classification will also be discussed.

INTERACTING MASSIVE BINARIES
Gregor Rauw

Institut d’Astrophysique et de Géophysique, Université de Liége, Belgium

Massive stars feature highly energetic stellar winds that interact whenever two such stars
are bound in a binary system. The signatures of these interactions are found over a wide
range of wavelengths and energies, including the radio domain, the optical band, as well
as X-rays and even gamma-rays. A proper understanding of these effects is mandatory to
derive the fundamental parameters of massive stars from spectroscopic and photometric
observation of binary systems. In this review I will highlight some recent findings in this
subject and discuss some future prospectives.

MAGNETIC FIELDS IN MASSIVE EARLY-TYPE STARS
Jason Grunhut

European Southern Observatory, Garching, Germany

In the last five years our knowledge of magnetism in early-type stars has significantly im-
proved due to the success of the Magnetism in Massive Stars (MiMeS) Project and the new
generation of high–resolution spectropolarimeters (ESPaDOnS@CFHT, Narval@TBL,
HAPRSpol@ESO). This project has greatly improved our understanding of the magnetic
properties of massive early-type stars, however it was mainly focused on single stars. Re-
cent results suggest a significant fraction of early-type stars are in binaries, implying that
the interplay between magnetic fields and binarity has yet to be investigated in any sig-
nificant detail. In this talk I will review our general understanding of stellar magnetism in
early-type stars and what we have learned from the MiMeS project. Lastly, I will discuss
the exciting discovery of a magnetic field in the rapidly-rotating secondary companion
of the close, massive binary system known as Plaskett’s star - a unique system that is
testing our current theories of binarity and magnetism in early-type stars, and a target
for investigation in the recently accepted Binarity and Magnetic Interactions in various
classes of Stars (BinaMIcS) Large Programs at CFHT and TBL.
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INVESTIGATING ROTATIONAL MIXING AND BINARY INTERACTION BY NEW
BINARY POPULATION SYNTHESIS CODE BONNfires

Herbert Lau
Argelander Institut für Astronomie, Universität Bonn, Germany

Surface abundances can be altered by mass accretion and also by rotation which mix
nuclear products from the core to the surface. Stars can also be spun up or down due to
mass trasnfer. We use this new population synthesis code to study the interplay between
binary mass transfer and rotation and compare results with observations, in particular
the surface nitrogen abundance and rotational velocity. We will discuss whether binary
interactions can explain the formation of nitrogen-rich slow rotators and/or nitrogen-poor
fast rotators. We will introduce BONNfires, a new generation of population synthesis code.
Unlike the current binary population synthesis code, this new code can calculate nuclear
reaction, various mixing processes and binary interaction in a timely fashion.

THE BinaMIcS PROJECT: BINARITY AND MAGNETIC INTERACTIONS IN
VARIOUS CLASSES OF STARS

Coralie Neiner
LESIA, Paris-Meudon Observatory, France

BinaMIcS (Binarity and Magnetic Interactions in various classes of Stars) is a new in-
ternational project based on two large programs of spectropolarimetric observations with
Espadons at CFHT and Narval at TBL. It aims at studying stellar magnetism under
the influence of the physical processes and interactions occuring in close binary systems.
Observations started in February 2013 and will last 4 years. I will present the strategy
and goals of the BinaMIcS project as well as first results.
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Session 2:

SETTING A NEW STANDARD IN ANALYSIS
OF MULTIPLICITY SURVEYS

THE VLT@FLAMES SURVEY: MULTIPLICITY AMONG HIGH-MASS
O-TYPE STARS

Hugues Sana
Space Telescope Science Institute, Baltimore, MD, USA

The VLT-Flames Tarantula Survey (VFTS) has obtained optical spectroscopy of over 800
OB and Wolf-Rayet stars in the 30 Doradus region with the aim to investigate a number
of questions regarding the formation, evolution and final fate of the most massive stars
and the dynamics of the region. The multi-epoch strategy was designed to identify spec-
troscopic binaries. In this presentation, I will describe the binary properties in the 30
Dor region and in the broader context of our knowledge of the multiplicity of the massive
stars in the Milky Way. I will briefly discuss implications for our understanding of the
evolution of massive stars.

STELLAR MULTIPLICITY ACROSS THE MASS SPECTRUM
Rolf Chini

Astronomisches Institut, Ruhr-Universität Bochum, Germany

The talk will review the latest results from our multiplicity studies on three flux- and/or
volume-limited samples of 250 O, 540 B and 500 F, G, and early K stars, i.e. for a mass
range from 0.8 to 80 solar masses. Our data comprise several thousand high-resolution (R
50.000) spectra and indicate that more than 80 per cent of stars with masses above 16
Msun form close binary systems while this fraction drops to 20 per cent for stars of 3 Msun.
It is likely that this apparent decrease is an observational artifact caused by an increasing
mass ratio M2/M1 with decreasing primary mass. This is corroborated by our results
from the FGK stars, where we find a solid increase of the fraction of binary and higher
level systems as a function of the primary mass suggesting that the single-star fraction
may already converge to zero at the transition to the A stars. We also find new eclipsing
O star binaries by means of optical multi-epoch photometric monitoring. Multi-epoch
infrared imaging of near-by FGK stars reveals a substantial fraction of common proper
motion companions turning a number of bona fide spectroscopic binaries into higher-level
systems. Eventually results from a Lucky Imaging study with a spatial resolution of 0.1”
are presented. Summarizing our results we raise the question whether stars are born as
singles.
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BINARY CEPHEIDS FROM OPTICAL INTERFEROMETRY
Alexandre Gallenne

Universidad de Concepción, Chile

Classical Cepheid stars have been considered since more than a century as reliable tools
to estimate distances in the universe thanks to their Period-Luminosity (P–L) relation-
ship. Moreover, they are also powerful astrophysical laboratories, providing fundamental
clues for studying the pulsation and evolution of intermediate-mass stars. When in binary
system, we can investigate the age and evolution of the Cepheid, estimate the mass and
distance, and constrain theoretical models. However, most of the companions are located
too close to the Cepheid ( 1–15 mas) to be observed with a 10-meter class telescope. The
only way to spatially resolve such systems is to use long-baseline interferometry. Recently,
we have started a unique and long-term interferometric program, that aims at detecting
and characterizing physical parameters of the Cepheids’ companion, with as main objec-
tives the determination of accurate masses and geometric distances.

MONITORING EVOLVED STARS FOR BINARITY
WITH THE HERMES SPECTROGRAPH

Nadya Gorlova
Institute of Astronomy, KU Leuven, Belgium

HERMES is an echelle fiber spectrograph attached to the Flemish 1.2m telescope on La
Palma. It started its operation in 2009. The binary survey of evolved stars is the largest
program that has been continuously run since then. The observations are carried out in
the queue mode, by the HERMES consortium members, lead by the Catholic University
of Leuven. The spectra can be reduced in real-time by the pipe-line. Stars are observed
with frequencies ranging from once per week to several times per semester, depending on
the expected time-scale of variability. Such mode of operation, combined with the high
sensitivity and resolution of the spectrograph, makes it a unique program in the world.
The primary goal is to verify binarity among all main groups of suspected post-Main
Sequence binaries, based on the study of radial velocity variations. The other two major
pillars of the survey are the systematic analyses of the chemical composition and time-
variable phenomena (such as pulsations, dynamics of the circumstellar matter, etc.) In
this talk I will review the findings of the first four years of the survey, and how they can
advise the theory of binary evolution.
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Session 3:

SETTING A NEW STANDARD IN ANALYSIS
OF INTERMEDIATE- AND LOW-MASS BINARIES

OBSERVATIONAL CONSTRAINTS FROM BINARY STARS ON STELLAR
EVOLUTION MODELS

Guillermo Torres
Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA

Accurate determinations of masses and radii in binary stars, along with estimates of the
effective temperatures, metallicities, and other properties, have long been used to test
models of stellar evolution. As might be expected, observational constraints are plentiful
for main-sequence stars, although some problems with theory remain even in this regime.
Models in other areas of the H-R diagram are considerably less well constrained, or not
constrained at all. I will summarize the status of the field, and provide examples of how
accurate measurements can supply stringent tests of stellar theory, including aspects such
as the treatment of convection.

STELLAR DIAMETERS AND TEMPERATURES ALONG THE MAIN SEQUENCE
Tabetha Boyajian

Department of Astronomy, Yale University, New Haven, CT, USA

I will discuss results associated with ongoing surveys to measure diameters and tempera-
tures of main sequence stars with long-baseline optical/infrared interferometry. Empirical
data such as these are used to calibrate less direct relationships to extend our knowledge
to a large number of stars. The data are also used to identify weaknesses in stellar atmo-
sphere and evolutionary modeling as well as provide empirical constraints to aid in the
development of new models.

PROBING AGB NUCLEOSYNTHESIS WITH BINARY STARS
Carlo Abate

FNWI/IMAPP - Radboud University of Nijmegen, The Netherlands

CEMP-s stars are very metal-poor stars with enhanced abundances of carbon and s-
process elements. They form a significant proportion of the very metal poor stars in the
Galactic halo and are mostly observed in binary systems. This suggests that the chemical
enrichment is due to mass accretion in the past from an asymptotic giant branch (AGB)
star on to a low-mass companion, that is the star observed today. Because CEMP-s stars
have hardly evolved since their formation, the study of their observed chemical abundances
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allows us to probe our models of stellar evolution, AGB nucleosynthesis at low metallicity
and binary interaction.

To this end we included in our binary population synthesis model the results of the
latest models of AGB nucleosynthesis and we simulated a population of 100,000 binary
stars at metallicity Z=0.0001. We compared the stars modelled in our binary population
with the data of CEMP-s stars available in the SAGA database of metal-poor stars. For
each observed CEMP-s star of the sample we found the modelled star that reproduces
best the observed chemical abundances. We will present the results of this analysis and we
will discuss the uncertainties related to the binary interaction and the constraints that we
can put to the models of AGB nucleosynthesis. CEMP-s stars are very metal-poor stars
with enhanced abundances of carbon and s-process elements. They form a significant
proportion of the very metal poor stars in the Galactic halo and are mostly observed in
binary systems. This suggests that the chemical enrichment is due to mass accretion in
the past from an asymptotic giant branch (AGB) star on to a low-mass companion, that
is the star observed today.

DYNAMICAL MASSES OF PRE-MAIN SDEQUENCE STARS IN THE TAURUS
STAR-FORMING REGION

M. Simon1, G.H. Schaefer2 & L. Prato3

1) Stony Brook University, New York, NY, USA
2) CHARA Array, Mount Wilson Observatory, CA, USA

3) Lowell Observatory, Flagstaff, AZ, USA

The mass and age of a pre-main sequence (PMS) star are usually estimated by its loca-
tion in the HRD relative to theoretical calculations of PMS evolution. Unfortunately, for
stars less massive than 1.5 M¯, these estimates vary depending on the calculations used.
We are pursuing a program to measure PMS stellar masses dynamically (e.g., Schaefer
et al. 2012 ApJ, 756,120) with sufficient precision and accuracy to identify a reliable set
of evolutionary tracks for observers and to identify improvements that may be neces-
sary to implement for theorists. Mapping the orbital motion of a binary star provides a
fundamental way to measure the dynamical masses of the component stars.

We report on the status of our measurements of multiples in the Taurus Star-Forming
Region obtained using adaptive optics on the 10-m Keck II Telescope at the W.M. Keck
Observatory. The sample of binaries have separations between 30 and 300 mas. In par-
ticular, we are now able to report preliminary orbital parameters for T Tau Sa-Sb, ZZ
Tau A-B, DF Tau A-B, HBC 351 A-B, V807 Tau N-Nb, and NTTS 045251+3016. Since
a precise VLBA-measured distance to T Tau is known, our measurement determines the
mass of the T Tau S binary. We will discuss the implications of all our results for the
theoretical evolutionary tracks.
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MODELLING CONVECTION PARAMETERS FROM OBSERVATIONS
OF FGK BINARY STARS

João Fernandes
CGUC, Mathematical Department and Astronomical Observatory of the University of

Coimbra, Portugal

Modeling the convection of stellar interiors is crucial for stellar evolutionary studies. Dur-
ing the last decades different approximations (phenomenological, simulations, etc.) have
been developed in order to improve the convection description. In spite of that, most
of the stellar evolutionary tracks or isochrones are built, basically, using a theory estab-
lished more than 50 years ago: the famous mixing length theory (MLT). It is very well
known the MLT limitations and its inconsistencies. However MLT is still strongly used.
Probably for good reasons (e.g. good predictions for the solar model and user friendly
implementation in stellar evolutionary codes). The computation of stellar evolutionary
models using MLT is dependent, at least, of two free parameters: the MLT parameter
(particularly important for the super-adiabatic layer, in convective envelopes) and the
amount of overshooting in convective cores. In this framework, the question is: are MLT
parameter or overshoting constants from star to star (independently of the stellar mass,
chemical composition and evolutionary stage)? To help to answer this question the FGK
stars members of binaries play an important role. In this presentation, we point out the
main contributions of binaries for the convection parameters estimation.

THE EFFECT OF ACTIVITY ON THE FUNDAMENTAL PROPERTIES
OF LOW-MASS STARS

Juan Carlos Morales Peralta
LESIA, Observatoire de Paris, Meudon, France

In last years, analyses of eclipsing binary systems have unveiled differences between the
observed fundamental properties of low-mass stars and those predicted by stellar struc-
ture models. Radius and effective temperatures computed from models are about 5-10%
lower and about 3-5% higher than observed, respectively. Given the high accuracy of the
empirical measurements, down to the 2% level, these differences are highly significant.
The discrepancies have been attributed to different factors. For example, the high levels
of magnetic activity present on these stars can explain the increased radius. In this talk I
will summarise the the observational evidence on the fundamental properties of low-mass
stars and discuss possible ways to reconcile observation and theory. In particular, I will
explain the consequences of magnetic activity both on models and on the observational
analysis of eclipsing binaries. A self-consistent scenario that can explain the discrepan-
cies by considering several factors, including an observational bias caused by polar spots,
the radiative impact of spots themselves and the reduced efficiency of convective energy
transport in the presence of magnetic fields, will be presented.
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CHEMICALLY PECULIAR STARS IN BINARIES
C.P. Folsom1, E. Alecian2, and G.A. Wade3

1) Institut de Recherche en Astrophysique et Planétologie, Toulouse, France
2) Observatoire de Paris, Meudon, France

3) Royal Military College of Canada, Kingstom, Ontario, Canada

A wide range of photospheric chemical peculiarities occur in main sequence stars from
B to early F spectral types. These stars have largely radiative outer layers, and in the
absence of the strong mixing atomic diffusion can lead to strong chemical stratification in
their atmospheres. The chemically peculiar, non-magnetic Am and HgMn stars appear in
binary systems more frequently than normal A and B stars, which is likely an important
clue to understanding the formation of these peculiarities. Meridional circulation, driven
by rotation, can be an important mixing process in these stars. However, rotational
breaking due to binary tidal interactions provides a mechanism for slowing these stars
sufficiently for atomic diffusion to proceed efficiently.

In contrast, the strongly magnetic chemically peculiar Ap and Bp stars appear in
close binary systems very rarely. The source of the magnetic fields in these stars is not
fully understood, although they appear to be a fossil relic of an earlier stage of evolution.
Ap and Bp stars appear in widely separated binaries with roughly the same frequency as
normal A and B stars, but their apparent rarity in close binary systems likely provides
an important clue to the origin of their magnetic fields. A particularly interesting, al-
though currently untested, proposal is that these stars are actually the product of stellar
mergers. One goal of the new Binarity and Magnetic Interactions in Stars (BinaMIcS)
collaboration is to investigate the apparent rarity of Ap stars in close binary systems,
to fully characterise them when they do occur in such systems, and to understand their
presence or absence in these systems.

DO MAGNETIC FIELDS ACTUALLY INFLATE LOW-MASS STARS?
Gregory A. Feiden

Department of Physics and Astronomy, Uppsala University, Sweden

Magnetic fields have been hypothesized to inflate the radii of low-mass stars—defined as
less than 0.8 solar masses—in detached eclipsing binaries (DEBs). I evaluate this hypoth-
esis using the recently developed magnetic Dartmouth stellar evolution code. In this talk,
I will briefly review how a magnetic perturbation is included in our stellar models. Re-
sults from our models suggest that magnetic suppression of thermal convection can inflate
low-mass stars that possess a radiative core and convective outer envelope. This notion
is supported by the consistency between surface magnetic field strengths estimated from
X-ray emission and those predicted by the models. However, the magnetic models are
unable to reproduce the radii of fully convective stars under realistic conditions. Instead,
I propose that the model discrepancies below the fully convective boundary are related
to metallicity. With these results in mind, I will discuss future observations that can be
used to test the magnetic models and help resolve the mass-radius problem with low-mass
DEB stars.
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Session 4:

ADVANCES IN INTERFEROMETRY OF BINARY STARS

RECENT ADVANCES IN INTERFEROMETRY
Christian Hummel

European Southern Observatory, Garching, Germany

Observations of spectroscopic double stars with long baseline optical interferometry have
resolved many pairs, allowing the orbits to be measured and stellar masses and distances
to be derived. A number of these measurements have accuracies worthy of comparison
with high quality results from eclipsing binaries, thus able challenge stellar evolution mod-
els. I will review the contributions, and also show recent results, among them observations
of massive O-stars and multiple systems.

RESOLVING COMPANIONS AND CIRCUMSTELLAR GAS AROUND MASSIVE
STARS WITH THE CHARA ARRAY

Gail Schaefer
The CHARA Array of Georgia State University, Mount Wilson Observatory,

Mount Wilson, CA, USA

We present results from several ongoing programs on massive stars at the CHARA Array.
Massive stars are often found in binary and multiple star systems. The high angular
resolution provided by the longest baselines of the CHARA Array allows us to resolve
binaries down to sub-milli-arcsecond separations. We present a preliminary orbit for the
inner binary in the O-star triple, σ Ori, which has a period of 143 days and a semi-major
axis of 4.3 mas. Combined with the previously published spectroscopic orbit, these results
yield masses for the stars in σ Ori as well as the distance to system. The six telescopes in
the CHARA Array also provide excellent uv coverage on the sky for mapping the spatial
distribution of circumstellar gas around rapidly rotating Be stars. Binary companions
might play an important role in the Be phenomenon: tidal interactions could initiate the
ejection of material into a disk around the Be star and past mass transfer from a donor
star that is now in an advanced evolutionary state could provide a mechanism for spinning
up the Be star to near critical rotation. The precise visibilities and closure phases mea-
sured with the MIRC beam combiner were used to map the periastron passage of the main
sequence companion in δ Sco which is in a highly eccentric orbit and to detect the faint
subdwarf companion in φ Per. With sufficient uv coverage, we can also reconstruct images
of interacting binaries, such as β Lyrae and Algol, in order to measure tidal distortion
from Roche lobe filling. Overall, these programs help us to understand the physical prop-
erties of massive stars and the transfer of mass and angular momentum in binary systems.
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δ Vel: INTERFEROMETRIC VIEW ON AN ECLIPSING BINARY
Pierre Kervella1, Antoine Mérand2 & Theo Pribulla3

1) LESIA, Observatoire de Paris, Santiago, Chile
2) European Southern Observatory, Garching, Germany

3) Astronomical Institute, Slovak Academy of Sciences, Tatranská Lomnica, Slovakia

The bright southern star δ Vel is a multiple system comprising at least three stars. Its
brightest component, δ Vel A, was identified in 2000 as one of the brightest eclipsing sys-
tem in the sky. Its eclipses are easily observable with the unaided eye, a remarkable propy-
erty shared only by Algol, β Aur, α CrB and ψ Cen. We determined dynamical masses
from a combination of spectroscopy, high-precision astrometry of the orbits of Aab-B and
Aa-Ab using adaptive optics (VLT/NACO) and optical interferometry (VLTI/AMBER).
The main eclipsing component is a pair of A-type stars in rapid rotation. We modeled
the photometric and radial velocity measurements of the eclipsing pair Aa-Ab using a
self consistent method based on physical parameters (mass, radius, luminosity, rotational
velocity). From this modeling, we derive the fundamental parameters of the eclipsing
stars with a typical accuracy of 1%. We find that they have similar masses, respectively
2.43 ± 0.02 and 2.27 ± 0.02 M¯. We also derive the parallax of the system, π = 39.8±0.4
mas, in satisfactory agreement (–1.2σ) with the Hipparcos value (πHip = 40.5± 0.4 mas).
Finally, we measured the differential astrometric displacement of the center of light of
the eclipsing binary relatively to δ Vel B with an uncertainty of 100 microarcseconds per
epoch, from adaptive optics imaging, thus demonstrating the capabilities of this technique
for high-precision astrometry. This accuracy appears to be limited by astrophysical noise
(activity of the Aa or Ab stars).
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Session 5:

SYNERGY:
BINARIES IN THE LOCAL GROUP OF GALAXIES

BINARIES IN THE LOCAL GROUP
Alceste Bonanos

National Observatory of Athens, Institute of Astronomy, Astrophysics, Space
Applications & Remote Sensing, Athens, Greece

I will give an overview on eclipsing binaries in the Local Group and their astrophysical
value. Recent variability surveys have produced large numbers of eclipsing binaries in our
neighboring galaxies of the Local Group that have the potential to provide valuable con-
straints and insight on the physics of high mass stars, and firmly establish the first rung
of the extragalactic distance ladder. I will present ongoing work on discovering early-type
eclipsing binaries in the Local Group, with which we study high-mass stars and derive
accurate distances to nearby galaxies.

THE ARAUCARIA PROJECT: PRECISE AND ACCURATE DISTANCE
DETERMINATION TO THE LMC AND SMC

Grzegorz Pietrzynski
Warsaw University Observatory, Warsaw, Poland

Universidad de Concepció, Departamento de Astronomia, Concepción, Chile

We will present distance determinations to the LMC and SMC based on long period
eclipsing binary systems composed of giants. Apart from distances, analysis of these sys-
tems allowed us to measure with a very good accuracy basic stellar parameters (1-2%
radii, masses, effective temperature, etc) of relatively large sample of giants. This cata-
log provides unique opportunity to calibrate evolutionary models of giant stars.We will
present distance determinations to the LMC and SMC based on long period eclipsing bi-
nary systems composed of giants. Apart from distances, analysis of these systems allowed
us to measure with a very good accuracy basic stellar parameters (1-2% radii, masses,
effective temperature, etc.) of relatively large sample of giants. This catalog provides
unique opportunity to calibrate evolutionary models of giant stars.
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BINARIES AND PULSATING STARS IN THE LMC
Gisella Clementini

INAF, Osservatorio Astronomico di Bologna, Italy

The Large Magellanic Cloud (LMC) is the ‘first step’ of the extragalactic distance scale
and a benchmark for studies of stellar populations and galactic evolution. The microlens-
ing surveys (MACHO, EROS, OGLE) have detected tens of thousands Cepheids, RR
Lyrae stars, eclipsing binaries and long period variables in the LMC. The VISTA near-
infrared YJKs survey of the Magellanic system (VMC; Cioni et al. 2011) is now comple-
menting the microlensing data with Ks-band light curves for the LMC variables. These
databases allow to use different types of variables to measure the distance as well as to
trace the different stellar generations occurring in the LMC.

By combining optical and near-infrared surveys we present the currently widest-area
view of the Large Magellanic Cloud as captured by the galaxy Cepheids, RR Lyrae stars
and ‘hot’ binaries. This reveals the full extent of the main structures (bar/s - spiral arms)
that have only been vaguely guessed before. Our work strengthens the case for a detailed
study of the LMC three-dimensional geometry.

BINARY STARS IN OPEN CLUSTERS:
CONNECTING OBSERVATIONS AND SIMULATIONS

Aaron Geller
Northwestern University, Ewanston, IL, USA

Open clusters are laboratories for testing theories of binary evolution and dynamics
against detailed observations. As part of the WIYN Open Cluster Study (WOCS), we are
currently observing several open clusters spanning a wide range in age and metallicity, with
primary goals of determining the binary frequencies and distributions of binary orbital
parameters for solar-type stars in these clusters. Currently, the three WOCS clusters with
the most complete data sets are M35 (0.15 Gyr), M67 (4 Gyr) and NGC 188 (7 Gyr).
Despite the large differences in age, we find that the solar-type binary frequencies and
distributions of orbital periods, eccentricities and mass ratios in all three of these rich
clusters are remarkably similar (and also consistent with similar binaries in the Galactic
field).

These data have been critical for guiding our sophisticated open cluster N-body simu-
lations, which enable us to investigate the dynamical evolution of rich binary populations
within open cluster environments over many Gyr. Our initial results suggest that the sim-
ilarities observed in these present-day binary populations imply very similar primordial
binary populations. Additionally, our observations and simulations of the blue stragglers
in old open clusters are beginning to provide very detailed constraints on binary mass
transfer models and highlight specific areas in the models where improvements are neces-
sary.
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Session 6:

ADVANCES IN SPECTROSCOPIC METHODS

ULTRA-HIGH PRECISION RV MEASUREMENTS FOR BINARY STARS.
SPECTRAL DISENTANGLING WITH AND WITHOUT IODINE CELL

Maciej Konacki
Nicolaus Copernicus Astronomical Center, Polish Academy of Sciencec, Toruń, Poland

We have developed a novel radial velocity (RV) technique that employs a tomographic
disentangling of the component spectra of double-lined spectroscopic binary stars (SB2s).
It allows one to measure radial velocities of the components of SB2s with the unique in
the literature precision of the order of 1-10 m/s that is 10 to 100 times more accurate
than archival RVs. We will present the technique and shows the latest results of its
application to non-eclipsing and eclipsing SB2s based on the data from spectrographs
with and without an iodine cell. In particular, we will show examples of precision RVs
from our ongoing RV survey to detect circumbinary planets.

In the second half of the talk, we will present our new project named ‘Solaris’. It aims
to detect from the ground circumbinary planets with the timing of eclipses of eclipsing
binary stars. It employs a global network of four robotic 0.5-m telescopes on three con-
tinents (Australia, Africa and South America) to carry out high cadence, high precision
photometry of a sample of eclipsing binary stars. Three of the telescopes are already
installed and the fourth one will become operational in in early 2014.

We expect that both these efforts will have a significant impact on the observational
stellar astronomy. In particular for at least half of our sample we expect to deliver masses
of the stars with an accuracy 10-1000 times better than the current state of the art.

SPECTROSCOPIC ANALYSIS OF ECLIPSING SB2 STARS - A CASE STUDY
Holger Lehmann

Thüeringer Landessternwarte Tautenburg, Germany

The investigation of eclipsing spectroscopic binaries can provide the basic parameters of
stars. Whereas the definable absolute masses can be used to calibrate stellar evolutionary
scenarios, the effective temperatures are an important input to light curve modelling and
asteroseismic mode identification.

The talk introduces different methods and programs for investigating eclipsing SB2
stars, focusing on radial velocity determination, spectrum decomposition, and spectrum
analysis. Used methods are simple cross-correlation, the twodimensional cross-correlation
program TODCOR, the spectral disentangling with the Fourier transform-based program
KOREL, and a grid search-based method of spectrum analysis. Advantages, disadvan-
tages, and problems in using the different methods are discussed, based on the case study
of a Kepler Algol-type SB2 star that shows an extrem mass ratio.

32



STUDIES OF RED GIANTS IN ECLIPSING BINARIES
Milena Ratajczak

Nicolaus Copernicus Astronomical Center, Polish Academy of Sciences, Toruń, Poland

We present absolute physical and orbital parameters for double-lined detached eclipsing
binary systems from the All Sky Automated Survey (ASAS) catalogue with subgiant and
giant components. The radial velocities were calculated from high quality optical spectra
we obtained with the 8.2 m Subaru/HDS, ESO 3.6 m/HARPS, 1.9 m Radcliffe/GIRAFFE,
CTIO 1.5 m/CHIRON, and 1.2 m Euler/CORALIE using the two-dimensional cross-
correlation technique (TODCOR) and synthetic template spectra chosen for every system
separately as references. We checked the evolutionary status of the systems with several
sets of evolutionary tracks and determined distances for each system. The derived un-
certainties for individual masses and radii of components are better than 3% for several
systems. Additionally, we performed atmospheric parameters determination and chemical
abundances analysis for the system which spectra we disentangled.

LEAST-SQUARES DECONVOLUTION BASED ANALYSIS OF STELLAR
SPECTRA

Andrew Tkachenko
Institute of Astronomy, KU Leuven, Belgium

Although the space missions like MOST, CoRoT, and Kepler deliver photometric data
of unprecedented quality, the stars are observed in white light and we are still in need
of ground-based spectroscopic and/or multicolour photometric follow-up observations for
a solid interpretation. Both faintness of most of the observed stars and the required
high S/N of spectroscopic data imply the need of using large telescopes, access to which
is limited. We look for an alternative, and present a technique allowing to denoise the
originally low S/N (typically, below 80) spectroscopic data, making observations of faint
ective. We present a generalization of the original Least-Squares Deconvolution (LSD)
method by implementing a multicomponent average profile and a line strengths correction
algorithm. We test the method both on artificial and real spectra of single and binary
stars, among which are two intrinsically variable objects.

CoMBiSpeC: A NOVEL APPROACH IN THE MODELLING
OF MASSIVE BINARIES

Matthieu Palate
Institut d’Astrophysique et de Géophysique, Université de Liége, Belgium

Spectral modelling and especially for massive stars is not a straightforward problem and
over the past decades many advances have been made in this field. We now have very
efficient model atmosphere codes such as CMFGEN and TLUSTY for example. However,
these codes are based on the assumption that the star is single and spherical which is no
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longer valid for the components of a binary system. On the other hand, observational
studies indicate that binarity has an impact on the spectra and binary interactions impact
the analyses of the spectra. This is why we have developed a very first model called CoM-
BiSpeC (code of massive binary spectral computation). We present here some examples
of the impact of the binarity on the shape of the stars and the resulting effects on their
spectra.

THE ROSSITER-MCLAUGHLIN EFFECT: OBSERVATIONAL ASPECTS
Simon Albrecht

Massachusetts Institute of Technology, Cambridge, MA, USA

In this talk I will discuss the Rossiter-McLaughlin (RM) effect and how it can be exploited
to study the formation and evolution of double star and exoplanet systems.

The RM effect manifests itself during eclipses, by a companion star or transiting
planet, when parts of the rotating stellar photosphere is blocked from view. The resulting
distortion in the stellar absorption lines reveals which velocity components are missing
from the rotationally-broadened kernel, which in turn reveals the relative orientation of
the spin and orbital axes on the sky.

I will show how to overcome the main challenges one faces in measuring the RM-effect
in eclipsing stellar binaries and present recent results. In particular I will present new
results from our ‘BANANA’ survey of close binary systems, including some misaligned
systems similar to the case of DI Herculis. Measurements such as these are fundamental
input to theories of binary star formation and may help to interpret the observed diversity
of spin-orbit angles among exoplanetary systems.In this talk I will discuss the Rossiter-
McLaughlin (RM) effect and how it can be exploited to study the formation and evolution
of double star and exoplanet systems.

THEORETICAL BACKGROUNDS FOR INTERPRETATION OF SPECTROSCOPIC
OBSERVATIONS

Petr Hadrava
Astronomical Institute, Czech Academy of Sciences, Prague, Czech Republic

To optimize yields from improving observational techniques for development of our un-
derstanding of the Universe, a feedback is desirable in the form of theoretical models
of observable quantities. The advantages of direct comparison of the observations with
models can be illustrated by the method of disentangling of spectra. For instance, the
traditional modelling of the Schlesinger–Rossiter–McLaughlin rotational effect in terms
of corrections to radial velocities deteriorates the information contained in the line-profile
variations, which can be exploited by means of disentangling constrained by proper mod-
els. It is also preferable to interpret the observational data in their complexity, e.g., to fit
simultaneously photometry, spectroscopy and interferometry instead of separate solving
the light curves, radial-velocity curves and visual orbits.
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Session 7:

ADVANCES IN PHOTOMETRIC ANALYSIS

PHysics Of Eclipsing BinariEs: GENERAL CONSIDERATIONS
AND THE CURRENT STATE-OF-THE-ART IN THE FIELD

A. Prša1, P. Degroote2, K. Conroy3, S. Bloemen2, K. Hambleton1,4,
J. Giammarco5 & H. Pablo6

1) Villanova University, USA; 2) KU Leuven, Belgium; 3) Vanderbilt University,
Nashville, USA; 4) University of Central Lancashire, Preston, UK; 5) Eastern

University, St. Davids, USA; 6) Iowa State University, Ames, USA

Eclipsing binary stars play a seminal role in stellar astrophysics: their favorable orbital
alignment with the line of sight and well understood physical and dynamical laws make
them unique calibrators of fundamental stellar parameters – masses, radii, temperatures
and luminosities. With an ever-increasing precision and sheer quantity of modern-age
data, our state-of-the-art models are put to the test. I will address general considerations
behind building a model that can provide a fully consistent, robust yet flexible framework
for accurate data modeling. I will describe the informational contents of individual data
types, starting from the most commonly used photometry and spectroscopy, touching on
interferometry and polarimetry, and the means of bringing all these pieces of data together
into a self-consistent model. I will give special attention to the analysis and rigorous sta-
tistical interpretation of the model as it is being fit to the observed data. I will point out
the dangers of relying solely on deterministic minimizers such as Differential Corrections
and I will present the profound advantages to Bayesian inference methods. I will conclude
with a short recap of the effort behind PHOEBE, an open source model built on these
premises by a vibrant international team.

PHysics Of Eclipsing BinariEs: MODELING IN THE NEW ERA
OF ULTRA-HIGH PRECISION PHOTOMETRY

S. Bloemen1, P. Degroote1, K. Conroy2, K. Hambleton3,4, J. Giammarco5,
H. Pablo6 & A. Prša3

1) KU Leuven, Belgium; 2) Vanderbilt University, Nashville, USA; 3) Villanova
University, USA; 4) University of Central Lancashire, Preston, UK; 5) Eastern

University, St. Davids, USA; 6) Iowa State University, Ames, USA

Recent ultra-high precision observations of eclipsing binaries, especially data acquired by
the Kepler satellite, have made accurate light curve modelling increasingly challenging
but also more rewarding. In this talk, we discuss low-amplitude signals in light curves
that can now be used to derive physical information about eclipsing binaries but that
were unaccessible before the Kepler era. A notable example is the detection of Doppler
beaming, which leads to an increase in flux when a star moves towards the satellite and a
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decrease in flux when it moves away. We discuss several binary systems for which radial
velocities have been measured from the photometric data alone, thanks to the presence of
a Doppler beaming signal. Similarly, Rmer delays, or light travel time effects, also have
to taken into account when modelling the supreme quality data that is now available.
The detection of offsets between primary and secondary eclipse phases in binaries with
extreme mass ratios, and the observation of Rmer delays in the signals of pulsators in
binary stars, have allowed us to determine the orbits of several binaries without the need
for spectroscopy. A third example of a small-scale effect that has to be taken into account
when modelling specific binary systems, are microlensing effects. These have now been
observed in two close binary systems, in which the transit of a star by a white dwarf
appears a few percent less deep due to light being bent and amplified by the white dwarf.
We explain the physics behind these recently discovered small-scale effects, we show when
it is important to take them into account, what we can learn from their signatures in the
light curve, and how they can be modelled.

PHysics Of Eclipsing BinariEs: WHERE NO MODEL HAS GONE BEFORE
P. Degroote1, K. Conroy2, S. Bloemen1, K. Hambleton3,4, J. Giammarco5,

H. Pablo6 & A. Prša3

1) KU Leuven, Belgium; 2) Vanderbilt University, Nashville, USA; 3) Villanova
University, USA; 4) University of Central Lancashire, Preston, UK; 5) Eastern

University, St. Davids, USA; 6) Iowa State University, Ames, USA

Fundamental parameters of stars are often derived from a wide variety of data, which all
have their separate methods and tools on the one hand, but also use different approxi-
mations to describe the stars. Depending on the required precision, it is often difficult
to combine values from different sources or assess the influence of the approximations,
let alone determine their accuracies. We present the development of one consistent open-
source framework in which data from stars can be analyzed in their full complexity. The
framework aims to generate high-precision geometric models for stellar and substellar ob-
jects, including pulsations, spots, simple magnetic fields, deformations due to multiplicity
or (differential) rotation and accretion disks. Multicolour photometry, radial velocities,
spectroscopic line and Stokes profiles, interferometric visibilities and images can be gen-
erated and fitted to observations. The influence of different limb darkening assumptions,
stellar atmospheres, Doppler beaming, interstellar reddening etc on the derived param-
eters can readily be investigated. We illustrate the applicability to well-studied targets
such as Vega, Beta Cephei and the HAT-P7 planetary system.
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PHysics Of Eclipsing BinariEs: HEARTBEAT STARS
AND TIDALLY INDUCED PULSATIONS

K. Hambleton1,2, P. Degroote3, K. Conroy4, S. Bloemen3, J. Giammarco5,
H. Pablo6, A. Prša1

1) Villanova University, USA; 2) University of Central Lancashire, Preston, UK; 3) KU
Leuven, Belgium; 4) Vanderbilt University, Nashville, USA; 5) Eastern University, St.

Davids, USA; 6) Iowa State University, Ames, USA

With the advent of high precision photometry from satellites such as MOST, Kepler and
CoRoT, a whole new layer of interesting and astounding astronomical objects has been
revealed: heartbeat stars are an example of such objects. Heartbeat stars are eccentric
ellipsoidal variables that undergo strong tidal interactions at the time of closest approach.
These interactions induce the deformation of the stars and cause a notable variation in
the form of a tidal pulse. Moreover, for about 20% of heartbeat stars, the tidal forces act
like a gong, causing one or both stars to pulsate in unusual ways, known as tidally induced
pulsations. In this talk I will first describe heartbeat stars and explain some of the theory
behind the tidal pulse and tidally induced pulsations. I will then discuss some of the
heartbeat stars that have undergone detailed study, following which I will compare the
results of PHOEBE 2.0 and PHOEBE 1.0. Finally I will discuss adding tidally induced
pulsations into the PHOEBE code and outline why this is a necessary step for these and
other interesting objects.

PHysics Of Eclipsing BinariEs: TRIPLE AND MULTIPLE SYSTEMS
K. Conroy1, P. Degroote2, S. Bloemen2, K. Hambleton3,4, J. Giammarco5,

H. Pablo6 & A. Prša3

1) Vanderbilt University, Nashville, USA; 2) KU Leuven, Belgium, 3) Villanova
University, USA; 4) University of Central Lancashire, Preston, UK; 5) Eastern

University, St. Davids, USA; 6) Iowa State University, Ames, USA

Some close binary formation theories require the presence of a third body so that the
binary orbit can shrink over time. Tidal friction and Kozai cycles transfer energy from
the binary to its companion, resulting in a close inner binary and a wide third body orbit.
Spectroscopy and imaging studies have found 40% of binaries with periods less than 10
days, and 96% with periods less than 3 days, have a wide tertiary companion. With
recent advancements in large photometric surveys, we are now beginning to detect many
of these triple systems by observing tertiary eclipses or through the effect they have on
the eclipse timing variations (ETVs) of the inner-binary. In the sample of 2400 Kepler
EBs, we have detected the possible presence of a third body in 10-15%. The include
several circumbinary planets, as well as a quintuple system. Some multiple systems are
quite dynamical and feature disappearing and reappearing eclipses, apsidal motion, and
large disruptions to the inner-binary. PHOEBE is a freely available binary modeling code
which can dynamically model all of these systems, allowing us to better test formation
theories and probe the physics of eclipsing binaries.

37



FUNDAMENTAL PROPERTIES OF ECLIPSING BINARIES
IN THE KEPLER FIELD OF VIEW

Rachel Matson
Georgia State University, Atlanta, USA

As part of a Kepler Guest Observer program to search for tertiary companions to close
eclipsing binaries via eclipse timing, we are determining fundamental properties of the
central binaries through radial velocity and light curve analysis. We have obtained mod-
erate resolution blue spectra of 41 systems to produce double-lined radial velocity curves
and spectroscopic orbital solutions. In addition, we reconstruct the spectra of the individ-
ual binary components and compare them to libraries of synthetic spectra to determine
effective temperatures, surface gravities, and rotational velocities. Using these data and
constraints we then model the Kepler light curves to determine the fundamental proper-
ties of each system. Here we present parameters for KIC 5738698, two F-stars orbiting
with a 4.8 day period.

SPATIALLY RESOLVING SPECTROSCOPIC BINARIES WITH THE CHARA
ARRAY: THE SFTP PROJECT

Christopher Farrington
Georgia State University, The CHARA Array, Atlanta, USA

The CHARA Array was initially constructed as a ”binary star machine,” and since then
multiple other projects have expanded the possibilites beyond multiple stars. Direct stel-
lar diameters, interferometric imaging, rare events like novae and the Epsilon Aurigae
eclipse have brought interest to the Array, but it still has great potential for binary star
work. While the Array is well suited to ‘traditional’ visibility measurements for binary
stars (for examples, see Armstrong (1992), Boden et al. (1999), Hummel et al. (1995), and
Hummel et al. (1998)), the requirement of calibrators and observing the systems for long
periods of time during the night to obtain baseline rotation limits the number of systems
that can be done per night. Using a technique discussed by Dyck, Benson, & Schloerb
(1995), Lane & Muterspaugh (2004), Bagnuolo et al. (2006),and Farrington et al. (2010),
one can observe many more systems on a given night, properly turning the CHARA Array
into the binary star machine it was created to be. The ideal targets for this program are
medium to long period spectroscopic binaries with and without astrometric orbits, espe-
cially ones where the separations fall below the resolution range of speckle interferometry
(15-35 mas). The ongoing Separated Fringe Packet (SFP) project has thus far resolved
and monitored more than thirty systems of varying periods and separations, including
discovery of new companions to three stars, first resolution of ten systems, and eight full
orbits where no previous astrometric data existed.
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DYNAMICAL MASSES OF KEPLER ECLIPSING BINARIES WITH APOGEE &
HET

Rohit Deshpande
The Pennsylvania State University, University Park, PA, USA

The Sloan Digital Sky Survey (SDSS-III) fiber-fed multi-object APOGEE spectrograph
enables H-band spectra to be obtained for 300 targets simultaneously at a spectral res-
olution of R 22500. Along with the main APOGEE survey, designed to study galactic
kinematics, a small number of fibers had been dedicated in each observation to obtain
spectra of Kepler Eclipsing Binaries (EB) as part of an approved SDSS-III ancillary science
program.

In this talk I present results from our APOGEE Ancillary project, ‘Dynamical Masses
of Kepler Eclipsing Binaries with APOGEE & HET’. To sample a broad range of stellar
and orbital parameters, we selected detached binaries with orbital periods between 0.5 -
100 days and with H magnitudes < 13. Our EBs are distributed across the Kepler modules
containing the open clusters NGC 6791 and NGC 6819, which were previously planned to
be observed by the main APOGEE survey. A total of 3 and 6 epochs of observations have
been obtained for NGC 6791 and NGC 6819, respectively. To complement the APOGEE
data, a sub-sample of EBs were observed in the optical with the Hobby Eberly Telescope
(HET). A total of 54 EBs have been observed with observations between 6 and 9.

This project measures radial velocities (RV) via two-dimensional cross-correlation
(TODCOR) technique. Our results demonstrate an RV precision in the order of 150 m/s
and 50 m/s with the APOGEE and HET data, respectively. These RVs are used to de-
rive dynamical masses with a precision goal of better than 3%, and, when combined with
Kepler photometry, can yield masses and radii to < 3% for a subsample of our targets.
These stars then become critical benchmarks for next-generation stellar models that seek
to account for an observed inflation of low-mass stellar radii compared to current model
predictions. In addition to studying the mass-radius relationship, several of our systems
are observed to have mass ratios close to unity (q > 0.95, some with q > 0.99). Such twin
systems represent additional benchmarks since any differences in physical parameters,
such as temperatures or radii, are direct tests of second-order effects on stellar internal
structures. I will show examples of such twins along with high flux contrast systems
(F+M) for which we derive mass and radii to less than 2%.
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Session 7:

SYNERGY:
PULSATING STARS IN BINARIES

ASTEROSEISMOLOGY OF BINARY STARS
Conny Aerts

Institute of Astronomy, KU Leuven, Belgium

This talk starts with a brief general introduction on the basics of asteroseismology,
with specific emphasis on the specific case of tidally excited oscillation modes in a close
binary system. The advantages of being able to apply asteroseismic techniques in a bi-
nary compared to a single star are discussed, as are the stringent requirements from an
observational point of view and the complications in the data analysis. Subsequent recent
case studies will be presented to highlight the large diversity of pulsating stars in binaries
and their power to probe interior stellar physics and test stellar evolution theory.

CEPHEIDS IN LMC BINARIES
Dariusz Graczyk

Universidad de Concepción, Chile

Status of our work on eclipsing binary Cepheids is presented. We confirmed existence
of three Type I Cepheids in eclipsing binary systems and two more systems are likely
candidates. For one system contaning fundamental Cepheid OGLE-LMC-CEP-0227 we
menaged to obtain very precise physical parameters of both stars and also we determined
directly a projection factor of the Cepheid. The system contaning fundamental Cepheid
OGLE-LMC-CEP-1812 has components with highly unequal masses which is at odd with
an assumption of their coevolution in the binary. The system with first overtone Cepheid
OGLE-LMC-CEP-2532 has very eccentric orbit with only one eclipse visible. A number
of candidate systems with Type II Cepheids were investigated and at least four of them
are true eclipsing binary stars with Cepheid component.

THE DYNAMIC ECLIPSE MAPPING METHOD
Barna Imre B́ıró

Baja Astronomical Observatory, Baja, Hungary

I present a description of the Dynamic Eclipse Mapping methodology, devised for map-
ping the pulsational surface patterns of pulsating eclipsing binary components using the
surface sampling provided by the eclipses. The ultimate goal is the mode identification of
these pulsations by their surface mode numbers (`,m). I also review the current status
of its applications, with an emphasis on the complications and caveats imposed by real
cases, in contrast to simulated systems.
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TIDAL FLOWS IN ASYNCHRONOUS BINARIES: OBSERVATIONAL
CONSEQUENCES

Gloria Koenigsberger
Instituto de Ciencias F́ısicas, UNAM, Morelos, México

When the rotational angular velocity of a binary star differs from the orbital angular
velocity, the stellar surface suffers perturbations that can be described as tidal flows. In
this presentation I will illustrate the effect of tidal flows on the photospheric absorption
line profile variability and discuss their potential impact on the determination of stellar
and orbital parameters.

γ Dor PULSATIONS IN ECLIPSING BINARIES
Jonas Debosscher

Institute of Astronomy, KU Leuven, Belgium

We present the first binary modelling results for KIC 11285625, a double-lined spectro-
scopic binary with a γ Doradus pulsator, discovered by the Kepler mission. Accurate
system and component properties could be obtained, from a combined analysis of the
high-quality space-based Kepler light curves and ground-based high-resolution HERMES
echelle spectra. Using a disentangling technique applied to the composite HERMES spec-
tra, we obtained a higher signal-to-noise mean spectrum for both the primary and the
secondary components, suitable for fundamental parameter derivation. We present tech-
niques to separate the orbital variability from the pulsation signal in the Kepler light
curve, and the analysis of the resulting γ Doradus pulsation spectrum.

SEISMOLOGY OF RED-GIANT STARS IN ECCENTRIC BINARY SYSTEMS
DISCOVERED FROM KEPLER SPACE-BASED PHOTOMETRY

AND HERMES HIGH-RESOLUTION SPECTROSCOPY
Paul Beck

Institute of Astronomy, KU Leuven, Belgium

The unparalleled photometric data obtained by NASA’s Kepler space telescope led to
an improved understanding of red-giant stars and binary systems. Seismology allows us
to constrain the properties of red giants with high accuracy. We present a study on 18
eccentric binary systems with a red-giant star as the primary component, which were
detected with the Kepler satellite. The orbital periods of these systems range from 20 to
440 days. As due to binary interaction such systems exhibit flux modulations with the
period of the orbit, also non-eclipsing systems can be detected from photometry. We ap-
ply asteroseismic techniques to constrain masses and radii of the red-giant component of
the system. From ground-based follow-up observations with the HERMES spectrograph
also the orbital parameters are derived. As a case study we present a detailed analysis of
KIC 5006817. The rich oscillation spectrum allows for a detailed seismic analysis of the
internal rotational gradient.
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EXTENSIVE SPECTROSCOPIC AND PHOTOMETRIC STUDY OF HD 25558, A
LONG ORBITAL-PERIOD DOUBLE-LINED SPECTROSCOPIC BINARY WITH

TWO SPB COMPONENTS
Ádám Sódor

Royal Observatory of Belgium, Brussels, Belgium

We investigated HD 25558 in the framework of our project aiming detailed investigations
of main-sequence g-modepulsators by collecting and analysing time-series of photometric
and high-resolution spectroscopic measurements.

The investigation of the ∼ 2000 spectra obtained at 13 observatories during 5 observ-
ing seasons, the ground-based multi-colour light curves and the photometric data from
the MOST stellite revealed that HD 25558 is a double-lined spectroscopic binary with
a very long orbitalperiod of about 9 years. We determined the physical parameters of
the components individually by photometric and spectroscopic means, and found that
both lie within the SPB instability strip. Accordingly, both components show line-profile
variations consistent with stellar pulsations. Altogether, 11 independent frequencies were
identified. The observational data do notallow the inference of a reliable orbital solution,
thus, disentangling cannot be performed on the spectra. Since the lines of the two com-
ponents are never completely separated, the analysis is very complicated. Nevertheless,
pixel-by-pixel variation analysis of the cross-correlated line profiles was succesful, and
we were able to attribute all the frequencies either to the primary or to the secondary
component. Both spectroscopic and photometric mode-identification was also performed
for several of these frequencies of both binary components. Comparison of the mode-
identification results on the two components suggests some properties of a mode-selection
mechanism in action.

HI-FI PHENOMENOLOGICAL DESCRIPTION OF ECLIPSING BINARY
LIGHT VARIATIONS AS THE BASIS FOR THEIR PERIOD ANALYSIS

Zdeněk Mikulášek1, Miloslav Zejda1, Marek Chrastina1, Shenbang Qian2 & Lying Zhu2

1) Department of Theoretical Physics and Astrophysics, Masaryk University, Brno,
Czech Republic

2) Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming, China

The deep analysis of eclipsing binary (EB) light curves collected for several decades can
inform us about a lot of astrophysically interesting processes taking place in the systems.
We have developed a general method of the phenomenological modelling of phase and
period changes enabling us to combine even very disparate sources of phase information.
We present here our novel ‘hi-fi’ phenomenological models of EB light curves describing
the real ones with the accuracy better than 1%.

42



Session 8:

EMERGING CHALLENGES AND INSIGHT
FROM ‘ONE OF THE KIND’ EBs

STRIPPED RED GIANT CORES IN ECLIPSING BINARY STAR SYSTEMS
Pierre Maxted

Keele University, UK

In this talk I will present new observations of a bright eclipsing binary star recently dis-
covered in the WASP archive in which a stripped red giant is eclipsed by an A-type dwarf
star. These observations are used to derive precise masses and radii for both stars and
can be used to test the formation scenario outlined above. In addition, I will present to
main characteristics of 17 new eclipsing binary stars that are also likely to contain the
precursors of very low mass white dwarfs. Red giant stars can be stripped of their outer
layers by stellar collisions or mass transfer in binary star systems such as low mass X-ray
binaries. If the red giant is stripped on its first ascent of the RGB it will eventually
become a very low mass white dwarf composed almost entirely of helium. Very low mass
white dwarfs are well known in binary milli-second pulsars and many have recently been
found in surveys such as the SDSS, but the precursor phase during which the remnant
evolves to higher effective temperature at nearly constant luminosity has been rarely ob-
served. The cooling timescale for very low mass white dwarfs is very uncertain because
they are thought to be born with thick hydrogen envelopes which can sustain weak but
stable p-p shell burning, but unstable phases of CNO burning (shell flashes) can remove
this hydrogen envelope. The predicted number of shell flashes (if any) is dependent on
the mass and composition of the star and other details of the models used.

THE BIZARRE ECLIPSING NUCLEUS OF THE PLANETARY NEBULA SuWt2
Katrina Exter

Institute of Astronomy, KU Leuven, Belgium

In this talk I will discuss our analysis of the light curve of the close binary system at the
heart of the unusual ring-shaped PN, SuWt 2. Its binary heart consists of two, slightly
evolved, A class stars, rotating slowly and asynchronously. These latter two facts are
unusual (at least, they are for single stars). One very fortunate coincidence is that both
the stars lie in a very rapid cross-cross phase in the post-MS evolutionary tracks, making
them useful for comparing to models. But a puzzle with these two stars is that neither is
able to irradiate the nebula: where oh where has the PN central star gone?

If I find the time to do the work, I will also present a single table of results on a small
survey for binarity among PN central stars, using data from the Hermes spectrograph of
the Mercator.
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2M0535-05: THE ONLY KNOWN BROWN DWARF ECLIPSING BINARY
Keivan Stassun

Vanderbilt University, Nashville, TN, USA

We will summarize what is known about the only known brown dwarf eclipsing binary
system, 2M0535-05. The system includes two very young (1 Myr) brown dwarfs with
masses of 60 and 35 MJup, radii of approximately 0.65 R¯, and spectral types M6-M7.
The masses are known dynamically with an accuracy of better than 10 percent, and the
radii are known from eclipse modeling with an accuracy of a few percent. The higher
mass brown dwarf is significantly cooler than the lower-mass companion brown dwarf.
We show multiple lines of definitive evidence that this surprising result is caused by en-
hanced magnetic, chromospheric activity on the higher mass brown dwarf, most likely due
to its rapid rotation. We use this system to show newly determined empirical relations for
correcting the inferred masses of low-mass stars, by correcting the observed temperatures
which have been suppressed (and the radii inflated) by magnetic activity.

HD 181068: TRIPLY ECLIPSING SYSTEM WITH INTRINSICALLY VARIABLE
RED GIANT COMPONENT

Aliz Derekas
Konkoly Observatory, Budapest, Hungary

The observations of the Kepler space telescope revealed the triple nature of a 7 magni-
tude star, HD 181068. The system’s main component is a red giant star which is eclipsed
in every 45.5 days by an eclipsing red dwarf binary that has a period of 0.9 days. For
the analysis of the complex light curve, we modified the Wilson-Devinney code to fit all
eclipses simultaneously that enabled us to describe the 3D orbits. We also found that the
observed oscillation frequencies in HD 181068 can be naturally explained by three-body
tidal effects.

CHARACTERIZING BINARY PROPERTIES OF 5 M¯ STARS:
NEW APPROACHES USING CEPHEIDS

Nancy Roman Evans
Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA

The distributions of binary parameters, particularly seperation (period) and mass ratio
provide constraints on star formation models. For intermediate mass stars, Cepheids
(typically 5 Msun) provide several new approaches.

1. We have created a list of the 18 nearby Cepheids which have mass ratio q =
M2/M1 > 0.4 using an IUE survey which provides a sample independent of separation.
In this sample we find that Cepheid systems have systematically smaller separations than
solar mass stars with the same q range (Raghavan et al. 2010).

2. A survey with HST WFC3 of 69 Cepheids has identified possible resolved compan-
ions. The physical association of the companions is being tested with XMM observations
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which can distinguish between young X-ray active low mass stars (Cepheid companions)
and chance alignments with inactive field stars.

3. In the decades since the advent of CORAVEL, Cepheids have been observed numer-
ous times with comparable accuracy. These observations provide constraints on long-term
binaries down to very small mass ratios.

4. Finally, since late B stars (which will evolve into Cepheids) do not in general produce
X-rays, X-rays at those locations are produced by low mass companions. We have used
the Chandra observation of Tr-16 to determine the fraction of low mass companions to
late B stars to be 39-32 per cent.

This research was supported by the Chandra X-ray Center NASA Contract NAS8-
03060 and HST grant GO-12215.01-A.

CLOSE-IN COMPANIONS TO CONTACT BINARY STARS
Shengbang Qian

Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming, China

W UMa-type contact binaries are containing two late-type main-sequence stars, where
both components are filling the critical Roche Lobe and sharing a common convective
envelope. Their formation and evolution are unsolved problems in stellar Astrophysics.
This kind of binary systems have the lowest angular momentum and shortest orbital pe-
riods among main-sequence binaries. One of the possibilities for their origin is that the
angular momentums of binary stars are transferred from the central binaries to close-in
companions. In this talk, I will summarize some of our recent progresses on searching
for close-in companions to contact binary stars including the closest stellar companion to
a contact binary at an orbital separation of about 0.8 AU. Then, based on the observa-
tional properties of those close-in companions, the formation and the evolution of contact
binaries will be discussed.

CHEMICAL ABUNDANCES IN THE SECONDARY STAR OF LOW MASS
X-RAY BINARY Cygnus X-2

Lućıa Suárez Andrés1, J.I. González-Hernández1,2, G. Israelian1,2,
J. Casares1,2 & R. Rebolo1,2,3

1) Instituto de Astrof́ısica de Canarias (IAC), La Laguna, Tenerife, Spain
2) Depto. Astrof́ısica, Universidad de La Laguna (ULL), La Laguna, Tenerife, Spain

3) Consejo Superior de Investigaciones Cient́ıficas, Spain

We present our first results in the analysis of the secondary star in the Low Mass X-Ray
binary (LMXB) Cygnus X-2, using a high resolution spectrum obtained with UES@WHT
in ORM (La Palma, Tenerife). We have used a χ2 minimization procedure to create a
grid of 1,300,000 LTE synthetic spectra that allow us to obtain a plausible range of val-
ues of the stellar parameters, taking into account any possible veiling from the accretion
disk produced by the presence of a neutron star as the primary. As the secondary star
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may have captured some of the matter ejected during the supernova (SN) explosion that
originated the neutron star of this system, we aim, with this work, to obtain valuable
information on the nucleosynthetic products of this SN explosion. As we will show, the
secondary star of this system is quite rich in metals, consistent with an enhanced abun-
dance due to contamination of the star during the supernova event of the primary, the
same scenario shown in the study of the LMXB Centaurus X-4 (Gonzlez-Hernndez et al.
2005). We will study the chemical abundances of O, Na, Mg, Si, Ca, Ti, Fe, and Ni and
compare the results with SN explosion model.

THE CONFERENCE SUMMARY
Guillermo Torres

Harvard-Smithsonian Center for Astrophysics, Cambridge, MA, USA
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Poster 1

V2107 Cyg: A YOUNG Cyg OB1 MEMBER BINARY SYSTEM
WITH A β Cep TYPE PULSATING COMPONENT

Volkan Bakiş
Akdeniz Uuniversity, Space Sciences and Technologies Dept., Antalya, Turkey

V2107 Cyg is located in the direction of Cyg OB1 stellar association. The eclipsing sys-
tem consists of an early-B primary and a late-B type secondary component contributing
about 5% of the total light. The primary is close to the end of its main-sequence life-
time, and thus a sensitive age indicator. Line profile variability and photometry suggest
strongly it is a β Cep type non-radial pulsator, but more data are needed to characterise
the pulsation mode(s). A signature of the faint secondary component is for the first time
identified through spectra disentangling. Analysis of high-resolution spectra combined
with multi-band photometric light curves yield the astrophysical parameters and places
the system at a distance of 1.4± 0.4 kpc, in the Cyg OB1 association. The kinematical
properties of V2107 Cyg also support the membership to Cyg OB1. The evolutionary
models imply an age of 20± 5 Myr. This implies a longer timescale for stellar formation
than previously known for Cyg OB1.V2107 Cyg is located in the direction of Cyg OB1
stellar association.

Poster 2

MASSES AND RADII OF LOW-MASS COMPANIONS IN SHORT PERIOD
ECLIPSING BINARY SYSTEMS SELECTED FROM STEREO DATA

Maya Belcheva1, Z. Tsvetanov2, H. Markov1, I. Stateva1 & I. Iliev1

1) Institute of Astronomy, NAO, Rozhen, Bulgaria
2) Johns Hopkins University, Baltimore, MD, USA

As part of our project for studying bright (V < 10 mag) eclipsing binaries discovered using
images from the NASA STEREO mission we are accumulating follow-up observations with
the goal of full characterization of the systems. The full complement of data consist of
light curves extracted from STEREO photometry, wide coverage Echelle spectra obtained
at Apache Point Observatory for stellar characterization and Coude spectra obtained at
NAO Rozhen for radial velocity curves.
Here we present physical parameters for six short period (P < 3 d) single line binary
systems containing low-mass components. Two methods were used for obtaining the fun-
damental parameters (masses and radii). The first method assumes that the rotation of
the primary has been synchronized with the orbital motion of the secondary and aligned
with the orbital axis. This assumption in combination with the parameters measured from
the light curves, the RV curves, and the Echelle spectra, makes it possible to determine
the masses and radii of individual components. The second method relies on modeling
the binary systems with the Wilson-Devinney code. Basic parameters measured from the
light curves (period, radii ratio) and RV curves (amplitude, eccentricity) are fixed and
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used to feed the code. This helps to reduce the number of free parameters and to fully
utilize the available information. A complete simultaneous solution is obtained that in-
cludes orbital elements of the binary systems along with fundamental parameters such as
masses and radii of both components. We compare the results from the two approaches
and discuss the uncertainties and caveats in each of the two methods.

Poster 3

CHARACTERIZING THE LOW-MASS ECLIPSING BINARIES
Ömür Çakirli

Ege University, Science Faculty, Astronomy and Space Sciences Dept., Bornova, Izmir,
Turkey

The M dwarfs are the most numerous stars in our Galaxy. They are quite poorly in-
vestigated because of the selection effect. The values of masses, radii, luminosities and
temperatures are less than those of 30 binaries with low-mass eclipsing binary components
given by (Çakirli, Ibanoǧlu & Sipahi 2012). The mass-temperature and temperature-radii
relation is determined by only a few low-mass stars. This situation has prevented the
development of the models for the M dwarfs. It is created that all available models un-
derestimate the radii (by around 10-15 per cent) and overestimate the temperatures (by
200-300 K) of short and long period binaries with M components (Çakirli, Ibanoǧlu &
Sipahi 2012).

Poster 4

SOLUTION OF BASIC TASKS IN ECLIPSING BINARY PERIOD ANALYSIS BY
GENETIC AND LSM ALGORITHMS

Marek Chrastina, Zdeněk Mikulášek & Miloslav Zejda
Department of Theoretical Physics and Astrophysics, Masaryk University, Brno, Czech

Republic

Period analysis of eclipsing binaries can be performed effectively when using fine-tuned
phenomenological models. The combination of regression analysis and genetic algorithms
is a powerful tool for such astrophysical tasks as light curve analysis, mid-eclipse time
determination and O-C diagram investigation - even apsidal motion and light time effect
can be resolved. However, since free codes were not publicly available, we developed codes
where needed.
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Poster 5

USEFUL SCIENCE OF SELECTED ECLIPSING BINARIES WITH SMALL TO
MEDIUM-SIZE TELESCOPES NETWORK

Panagiota-Eleftheria Christopoulou
Department of Physics, University of Patras, Patra, Greece

In the era of staggering Kepler data and sophisticated approach of the automatic analysis,
how obsolete are the traditional object-by-object multiwavelength photometric observa-
tions? Can we apply the new tools of classification, light curve modeling and timing
analysis to study the newly detected or/and most interesting EBs or to detect circum-
binary bodies? In this talk, I will discuss developments in this area in the light of the
recent DWARF project that promises additional useful science of binary stars within an
extensive network of relatively small to medium-size telescopes with apertures of ∼20-200
cm.

Poster 6

PHOTOMETRIC SURVEY OF STRONG X-RAY SOURCES
AMONG ECLIPSING BINARIES

Ioakeim Chrysopoulos
Department of Physics, University of Patras, Patra, Greece

We present CCD observations in BVRcIc bands, as part of the optical variability cam-
paign for strong X-ray sources among eclipsing binaries that was launched in summer
2012, with the 14 inch telescope at the University of Patras Observatory Mythodea. The
criteria adopted to select the sample under study are described. Preliminary photometric
solution given by PHOEBE are presented for targets identified as Eclipsing Contact stars
(EC) in the combined ASAS and RASS catalog (ASAS.ROSAT.cat).

Poster 7

TRACING OF CNO EXPOSED LAYERS IN HOT ALGOL-TYPE
BINARY SYSTEM u Her

A. Dervisoglu1, K. Pavlovski2, V. Kolbas2 & J. Southworth3

1) Erciyes University, Astronomy and Space Sciences Department, Kayseri, Turkey
2) Department of Physics, University of Zagreb, Croatia

3) Astrophysics Group, Keele University, Staffordshire, UK

In the course of evolution of stars in close binary systems mass transfer could happen
due to limited space allowed for the expansion. An Algol type binary system eventually
is formed. As the consequence the photospheric chemical composition could be altered -
layers which were originally deep with the star and have been altered by thermonuclear

51



fusion during the star’s main sequence evolution, are now exposed at the surfaces of the
components. Hence, photospheric abundances are a precious diagnostic of the nucleosyn-
thesis processes that occurred deep with the stars. In this work we studied u Her, a hot
Algol-type systems, comprises of the two B-type components. A new set of high-resolution
echelle spectra of u Her were obtained at CAHA, Spain. Spectral disentangling of the
spectra allowed isolation of the individual spectra of the components. Detail spectroscopic
analysis of the primary’s spectrum indicated a clear abundance pattern expected in CNO
processing. Evolutionary scenario of the stars in this systeme would be discussed in the
framework of this finding.

Poster 8

INVESTIGATION OF MASSIVE CLOSE BINARIES WITH AN ACCRETION DISK
BASED ON SPECTROPHOTOMETERIC MEASUREMENTS

Gojko Djurašević
Astronomical Observatory, Belgrade, Serbia

The presence of a large, optically thick disc in a massive close binary system (CBS) is an
interesting phase of its evolution and mass-exchange. Spectroscopic and photometric ob-
servations and successful modeling of the system by applying an inverse problem method
enable us to estimate the basic system and disc parameters. This is very important for
understanding this phase of the CBS evolution. Here we present the basic elements of
a CBS model with an accretion disc, together with the main results achieved with its
application on some interesting CBS: RY Sct, V448 Cyg, V455 Cyg, AU Mon, V393 Sco,
OGLE 05155332-6925581, DQ Vel and β Lyr.

Poster 9

ECLIPSING BINARIES AMONG HIGH-MASS STARS
Angie Barr Domı́nguez

Astronomisches Institut, Ruhr-Universität Bochum, Germany

We present the first results of a comprehensive photometric O-star survey performed
with a robotic twin refractor at the Universittssternwarte Bochum located near Cerro
Armazones in Chile. For three high-mass stars, namely Pismis24-1, CPD-518946 and
HD319702, we determined the period through the Lafler-Kinman algorithm and model
the light curves within the framework of the Roche geometry.

For Pismis24-1, a previously known eclipsing binary, we provide first light curves
and determined a photometric period of 2.36 days together with an orbital inclination of
61.8o. The best-fitting model solution to the light curves suggest a detached configuration.
With a primary temperature of T1 = 42520 K we obtain the temperature of the secondary
component as T2 = 41500 K.
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CPD-51o8946 is another known eclipsing binary for which we present a revised pho-
tometric period of 1.96 days with an orbital inclination of 58.4o. The system has likely a
semi-detached configuration and a mass ratio q = M1/M2 = 2.8. If we adopt a primary
temperature of T1 = 34550 K we obtain T2 = 21500 K for the secondary component.

HD319702 is a newly discovered eclipsing binary member of the young open cluster
NGC 6334. The system shows well-defined eclipses favouring a detached configuration
with a period of 2.0 days and an orbital inclination of 67.5o. Combining our photometric
result with the primary spectral type O8 III(f) (T1 = 34000 K) we derive a temperature
of T2 = 25200 K for the secondary component.

Poster 10

CCD PHOTOMETRIC OBSERVATION OF THE W-UMa ECLISPING BINARY
SYSTEM 1SWASP J160156.04+202821.6

Ahmed Essam Elsayed
National Research Institute of Astronomy and Geophysics, Cairo, Egypt

New BVRI light curves of the eclipsing binary system 1SWASP J160156.04+202821.6
(J1601) have been constructed based on CCD observations were obtained by using the
1.88-m telescope of Kottamia Astronomical Observatory (KAO), Egypt on June, 2013.
New times of minima and new ephemeris have been determined from these light curves.
Using the Binary Maker 3.0 (BM3) package, a preliminary determination of the geometric
and photometric element parameters of the system J1601 was derived.

Poster 11

ECLIPSING BINARIS WITH A RED GIANT COMPONENT
Søren Frandsen

Department of Physics and Astronomy, Aarhus University, Denmark

The long duration observations with the Kepler satellite has lead to the discovery of
several eclipsing binaries with long periods. The chance that one of the components is a
Red Giant is good and several cases are known. We present results from the analysis of
Kepler data and groundbased spectroscopy and photometry of the system KIC 8410637.
One of the key issues is, whether the seismic results for the Red Giant are consistent with
the accurate results from the analysis of the EB.

We also present the status for some other systems, where groundbased observations
exist, and discuss the prospects.
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Poster 12

THE ANGULAR RESOLUTION OF MASSIVE BINARIES USING
THE HST FINE GUIDANCE SENSORS

Douglas R. Gies
CHARA, Georgia State University, Atlanta, GA 30302, USA

The current census of binaries among the massive O-type stars is seriously incomplete for
systems in the period range from years to millennia because the radial velocity variations
are too small and the angular separations too close for easy detection. Here we describe
a program to discover binaries in this observational gap through a Faint Guidance Sensor
survey of Galactic early-type stars. We discuss the binary frequency, period and mass
distributions, and the incidence of higher multiplicity systems.

Poster 13

THE TRIPLE B-TYPE SYSTEM DV Cam
Herman Hensberge

Koninklijke Sterrenwacht van België, Brussels, Belgium

DV Cam is an interesting triple B-star system. It consists of a 6-7–day close binary in
an eccentric orbit and a third star whose orbit around the close binary produces radial
velocity offsets measurable in subsequent years. The close binary shows one eclipse and
consists of (a) a mid-B, moderately fast-rotating star that dominates the light and (b) a
late-B star contributing at least 10% (but not much more) to the total light at blue/visible
wavelengths. Nevertheless, more than 250 extremely sharp lines of the late-B star, due to
15 different species, can be readily identified in the spectra between 3900 and 8700 Å. A
detailed comparison with late-B stars shows it is slightly hotter than 21 Peg, presumably
close to 11 000 K. At first glance, helium appears mildly weak but no other prominent
chemical peculiarities are observed. The third star is a slowly-rotating line-profile variable
with spectral type in-between the two close-binary components, offering a challenge for
spectra disentangling. We argue it is a slowly-pulsating B stars with a main frequency
near to one day.
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Poster 14

DETECTING ECLIPSING BINARIES WITH GAIA
Berry Holl

Observatory of Geneva, Switzerland

The ESA space mission Gaia, planned to be launched in the second half of 2013, will make
astrometric, photometric and spectroscopic measurements of about 1 billion stars in our
Galaxy under which numerous multiple systems. As part of the photometric variability
analyses eclipsing binaries will be detected and, if possible, their period and characteris-
tics determined. I will explain how this process works in practice: going from variability
detection, period detection, classification, to more detailed modelling of the light curve.
Additionally the detection of eclipsing binaries in simulated Gaia data and some previous
surveys will be discussed.

Poster 15

LONG AND CONSECUTIVE OBSERVATIONS OF FOUR ECLIPSING BINARY
STARS FROM DOME A, ANTARTICA

Zhihua Huang
Astronomy Department, Beijing Normal University, China

Dome A, on the Antarctic plateau, offers a new window for uninterrupted and consec-
utive observations of variable targets. It is predicted as the best observational site on
the Planet and near to space astronomical conditions. CSTAR deployed at Dome A had
been operated for four consecutive years since 2008 and collected vast mass of frames.
For each polar winter, the observational time can span over 100 days, which means to
cover hundreds of periods of most eclipsing binary stars. We represent here the first result
of four eclipsing binary stars, CSTAR 36162, CSTAR 38663, CSTAR 55495 and CSTAR
577775, using the data of CSTAR 2008 in i band and 2009 in g and r bands. The further
works are in progress, including fundamental parameters of those targets using the WDs
code and investigation of period change from O- C diagrams.

Poster 16

WERE THE ECLIPSES OF ALGOL ALREADY DISCOVERED BT THE ANCIENT
EGYPTIANS?

Lauri Jetsu
Department of Physics, University of Helsinki, Finland

Fabritius (1596) discovered the first variable star, Mira. Montanari (1669) discovered the
second one, Algol. Goodricke (1783) determined the period of this eclipsing binary with
naked eyes. Our analysis of a Calendar of Lucky and Unlucky Days indicates that the

55



ancient Egyptians recorded eclipses of Algol. The ancient papyrus Cairo 86637 calendar
may be the oldest preserved historical document of a discovery of a variable star. The
ancient Egyptian scribes observed stars for time keeping. This was important for timing
their religious nightly rituals that kept the Sun safe during its journey across the under-
world. The good prognoses in their calendar occur with a significant regular period of
2.850 days, which is about 0.017 days shorter than the current orbital period of 2.867
days. This would be the first observation that confirms the period increase of Algol.
The mass transfer between the two members of this eclipsing binary predicted such an
increase, but over two hundred years of modern observations could not confirm this effect.

Poster 17

NUMERICAL MODELING OF FLOW STRUCTURE IN CATACLYSMIC
VARIABLES

P.V. Kaygorodov, D.V. Bisikalo & A.Yu. Sytov
Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia

Setting of a new standard in the analysis of close binary stars is impossible without con-
struction of detailed physical models of flow structure in such stars. Flow structure in
cataclysmic variables (CVs) very complex and cannot be investigated with simple analytic
models, so advanced numerical models are required for correct interpretation of observa-
tional data. The results of 3D numerical simulations allowed us to find the prominent
features of flow structure in CVs: a ‘hot line’, precessional spiral wave, hump on the ac-
cretion disk edge and circumbinary envelope, produced by matter outflows via L3 point.
Here we present the review of most interesting results of gasdynamic modeling performed
in recent years and their connection to observational manifestations, like pre-eclipse dips
in light curves of CVs, superhumps and superoutbursts in SU UMa stars as well as long-
periodic modulations in light curves of semidetached binaries.

Poster 18

DESIGN AND IMPLEMENTATION OF BDB, THE BINARY STAR DATABASE
P.V. Kaygorodov, D.A. Kovaleva & O.Yu. Malkov

Institute of Astronomy, Russian Academy of Sciences, Moscow, Russia

Description of the Binary star DataBase (BDB, http://bdb.inasan.ru), the world’s prin-
cipal database of binary and multiple systems of all observational types, is presented in
the paper. BDB contains data on physical and positional parameters of 100,000 compo-
nents of 40,000 systems of multiplicity 2 to 20, belonging to various observational types:
visual, spectroscopic, eclipsing, etc. Information on these types of binaries is obtained
from heterogeneous sources of data – astronomical catalogues and surveys. Organization
of the information is based on the careful cross-identification of the objects. BDB can be
queried by star identifier, coordinates, and other parameters.
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Poster 19

CONSTRAINED DISENTANGLING:
COMPLEMENTARY SPECTROSCOPIC AND INTERFEROMETRIC SOLUTION

V. Kolbas & K. Pavlovski
Department of Physics, University of Zagreb, Croatia

The complete set of orbital elements of binary and multiple systems can only be deter-
mined from complementary observables. The ambiguity in determining of the eccentricity
and longitude of periastron for an eccentric binary system from the light curve or RV
curves only is a very well known problem. In spectral disentangling the orbital elements
are optimised along with simultaneous determination of the inidvidual spectra of compo-
nents. Therefore, a posteriori combination with some other observables, i.e. astrometric
measurements or historic RVs is principally incorrect. With advances in the instrumen-
tation more and more binary and multiple systems are spatially and spectroscopically
resolved which makes the solution of orbital elements better. Following this advances, we
have developed a frontend with optimisation which enables spectral disentangling of time-
series of spectra with the constraints from interferometric (astrometric) measurements.
Results of simulations will be shown, as well as some observed binary and multiple systems.

Poster 20

Infinity: PULSATION AND BINARITY
Olivera Latković & Attila Cséki

Astronomical Observatory, Belgrade, Serbia

We developed an advanced binary system model, Infinity, which allows the inclusion of
radial or non-radial stellar oscillations on one or both components. The oscillations are
modeled as perturbations of the local surface temperature and the local gravitational
potential. In the case of tidally distorted stars, it is assumed that the pulsation axis
coincides with the direction connecting the centers of the components rather than with
the rotation axis. During the eclipse, the oscillations undergo unique modulations that
can be used for mode identification by fitting the model to the observed light curves. So
far, this has been tested on synthetic data with encouraging results.
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Poster 21

THE STRUCTURE OF THE LARGE MAGELLANIC CLOUD
FROM HOT BINARY STARS

Tatiana Muraveva
INAF, Osservatorio Astronomico di Bologna, Italy

We present the results of studying of 1761 eclipsing binary stars located in the Large
Magellanic Cloud which contaminate the sample of candidate Classical Cepheids (CCs)
from the EROS-2 survey. These binaries follow the same Period-Luminosity relation as
Classical Cepheids. On the CMD they are located in the narrow strip well separated from
the sample of CCs. From their position on the CMD we suggest that these binary stars
contain hot MS components. These young objects could be used to study the structure of
the LMC since they are located in the regions of recent star formation activity (such as 30
Doradus) and supergiant shells (such as LMC 4, LMC 3, LMC 5).We present the classifica-
tion of these 1761 eclipsing binary stars and results of Fourier analysis of their light curves.

Poster 22

HIGH ENERGY LIGHT CURVES OF THE GAMMA-RAY BINARIES BASED
ON ANALYTICAL CALCULATIONS

Tsuguya Naito
Yamanashi Gakuin University, Kofu, Japan

Wen have been studying the interaction between the Be star and the pulsar in the Gamma-
ray Binaries. Modeling pulsar wind from pulsar and disc flow/stellar wind from Be star,
we obtained analytically the position where pressure of the pulsar wind balanced with that
of the disc flow and/or the stellar wind. Assuming that high energy emissions are origi-
nated from the balanced region, we estimated the light curve of the X-ray and gamma-ray
flux. Then, we compared our results with observational data such as PSR 1259-63/LS2883
binary system. To investigate gamma-ray binaries will give important constraint on evo-
lution scenario of binary system.

Poster 23

PROPERTIES OF SELECTED HIGH-MASS BINARIES
Anita Nasseri

Astronomisches Institutut, Ruhr-Universität Bochum, Germany

We present multi-epoch high-resolution (R ∼ 50 000) optical spectroscopy of selected O-
type stars whose multiplicity was so far unknown or uncertain. Our analysis provides
orbital periods and mass ratios of the involved companions. The new data corroborate
previous investigations and suggest that basically all high-mass stars are multiple systems.
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Poster 24

THE RE-EXAMINE RADIAL VELOCITIES AND Hα LINES OF SV Cam
AND XY UMa BINARIES

Ferhat F́ıkŕı Özeren
Ercyes University, Kayseri, Turkey

We are going to present the radial velocities of SV Cam and XY UMa active binary
systems, and the activity of the systems and the circumstellar matter around them will
be also discussed.

Poster 25

THOROUGH ANALYSIS AND DEEP INSIGHT INTO THE LOW AMPLITUDE W
UMa TYPE SYSTEM FI Boo

Athanasios Papageorgiou
Department of Physics, University of Patras, Greece

We present results of the modeling of new multicolour light curves of the low amplitude
W UMa type binary system FI Boo obtained at the University of Patras Observatory
‘Mythodea’, in spring 2012, in view of the presence of a detected third body that may
play an important role in the formation and evolution. The absolute properties of the
components have been derived from spectroscopic data with the PHOBE software and
are tested extensively by heuristic scanning and parameter kicking in order to check the
solution uniqueness. The classification as A or W subtype, the formation and the evolu-
tionary status of the binary are also investigated in detail.

Poster 26

BINARITY NATURE OF THE HADS AN Lyn & BE Lyn
Jose .H. Peña & Arturo Renteŕıa

Facultad de Ciencias, UNAM, México

HADS (High Amplitude Delta Scuti Stars) have been a goldmine for small telescope ob-
servers: they are relatively bright, show large amplitudes of variation, and have short
pulsational periods. These features make them easy targets. However, because some
observers lack experience, not all their data is useful and, in some cases, this data com-
plicates analysis. Among the HADS there are many indications of secular variability that
has been interpreted as due to the possible nature of the stars.
A good example is AD CMi (discovered Hoffmeister in 1934). Ning & Yang (1996) con-
cluded in a study of O-C data accumulated for several thousands of cycles, that in con-
tradiction to some other canonical possibilities such as an increasing period change, the
residuals adjust to a trigonometric function type variation. The orbital period they ob-
tained is about 30.0 yr overlapped by a rate of change of the period around 0.46 x 10−12
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day/cycle. They suggest that to confirm the conclusions they reached, it would be neces-
sary to obtain more observations, especially radial velocity information.

In a more recent study (Hurta, Pocs and Szeidl, 2007) confirm the previous conclu-
sions but changed the figures to (1/P )(dP/dt) = (9.32 ± 0.11) x 10−8 yr−1 and an orbiting
period Porb = 42.88 ± 0.83 yr due to binary motion on an elliptical orbit. Many other
stars follow the same trend in the explanation of their residuals. For example, SZ Lin
was found to follow a sinusoidal variation with a period of P = 3.138 ± 0.028 yr (Barnes
& Moffat, 1975) and they suggested that this could be due to a light travel time effect
because it is a member of a binary system.

Poster 27

X-RAY EMISSION OF INTERACTING WIND BINARIES IN Cyg OB2
Gregor Rauw

Institut d’Astrophysique et de Géophysique, Université de Liége, Belgium

Cyg OB2 5, 8A, and 9 are binary or multiple massive stars in the Cyg OB2 associa-
tion displaying several peculiarities, such as bright X-ray emission and non-thermal radio
emission. Our X-ray monitoring of these stars reveals the details of their behaviours at
high energies, which can be directly linked to wind-wind collisions. In addition, the X-ray
emission of Cyg OB2 12, an evolved massive star, shows a long-term decrease, which
could hint at the presence of a companion (with associated colliding winds) or indicate
the return to quiescence of the system following a recent eruption.

Poster 28

AN UNEXPECTED RESULT FOR THE V444 Cyg BINARY
Gregor Rauw

Institut d’Astrophysique et de Géophysique, Université de Liége, Belgium

V444 Cyg is a short-period (4d) binary composed of two massive objects, a WN star and
a O star. The winds of the two massive components collide, generating X-ray emission.
A monitoring in the high-energy domain was performed using Swift and XMM-Newton,
with surprising results on the collision geometry (wide shock opening angle, clear Coriolis
deflection). Polarimetric data further help understanding the system properties. This
new information places strong constraints on the physical parameters of the two stars.
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Poster 29

PG1544 + 488: A BINARY SYSTEM CONTAINING
HELIUM RICH SUBDWARF TWINS

H. Tugca Sener Satir
Armagh Observatory, Armagh, North Ireland, UK

Our research aims to explore a number of binary systems containing at least one unusual
hot subdwarf. Such systems demonstrate some of the most extreme outcomes of common-
envelope ejection in a close binary. We aim to measure precise orbital parameters and
stellar dimensions in an effort to identify the progenitors of these systems.

PG1544+488 is a short-period spectroscopic binary containing two subdwarf B stars
(Ahmad et al., 2004); it is exceptional because the surfaces of both components are ex-
tremely helium-rich. We present a new analysis of spectroscopy of PG1544 + 488 obtained
with the William Herschel Telescope. We refine the orbital parameters, including the pe-
riod (P = 0.502 ± 0.001 d) and mass ratio (q = 1.05 ± 0.004), and the atmospheric
parameters of each component. Ahmad et al. (2004) argue that PG1544 + 488 must have
been formed as a result of close-binary evolution followed by the ejection of a common-
envelope. The mass ratio places a very tight constraint on the progenitor system, since
precise tuning is necessary to yield two helium cores of similar masses at the same epoch
(Justham et al. 2011).

Poster 30

ASTEROSEISMOLOGY OF ECLIPSING BINARY STARS USING KEPLER
AND THE HERMES SPECTROGRAPH

Valentina Schmid
Institute of Astronomy, KU Leuven, Belgium

Asteroseismology provides an important tool to test and improve stellar models. It allows
the deduction of the interior stellar structure, such as the internal rotation profile, the
extent of the core, and convective overshooting. Eclipsing binaries, on the other hand,
give valuable constraints on the global fundamental parameters, like mass and radius.
Thus, they provide crucial input for the seismic modeling of pulsating stars in binary
systems.

In our project we will work on a sample of carefully selected eclipsing binaries con-
taining pulsating components of intermediate mass. We will combine high-precision pho-
tometry of the Kepler space mission with high-resolution spectroscopy obtained with the
HERMES spectrograph at the Mercator telescope at La Palma, Spain. As an example we
will present the first results of our analysis of a detached eclipsing SB2 that shows gamma
Dor pulsations in its light curve.
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Poster 31

THE BONNSAI PROJECT: A STATISTICAL COMPARISON OF INDIVIDUAL
STARS WITH STELLAR EVOLUTION

Fabian Schneider
Argelander Institute for Astronomy, University of Bonn, Germany

Whenever we observe stars, we see only their surfaces. Stellar key parameters like initial
mass, age or initial rotation rate remain obscured and can only be revealed by comparing
observed surface properties to theoretical stellar models. This is typically done in the
Hertzsprung-Russell diagram (HRD). The comparison however is not straightforward:
stellar isochrones e.g. cross each other in HRDs, leading to an intrinsic degeneracy in age.
Rotation adds a new dimension to the problem of determining stellar parameters and
new intrinsic degeneracies stars of different initial masses and initial rotation rates may
reach the same position in the HRD because of rotationally induced mixing. In extreme
cases, this may even lead to chemical homogeneous evolution. Luckily, we can break these
degeneracies by incorporating further knowledge e.g. about the surface helium abundance
which is sensitive to rotation.

Poster 32

SPECTRAL ANALYSIS OF MASSIVE WOLF-RAYET BINARY SYSTEMS
Tomer Shenar

University of Potsdam, Germany

Massive stars are important players in the cosmic evolution. Among the massive stars,
the Wolf-Rayet (WR) stars are of particular importance. Their ionizing radiation and
the transfer of kinetic energy and momentum to the surrounding interstellar matter by
their powerful stellar winds greatly influence their host galaxies. It is observed that a
large fraction of the Wolf-Rayet stars have a massive companion, usually an O or B star.
Understanding binary systems sets additional constraints on the stellar parameters of WR
stars, giving new insight into stellar evolution of massive stars. The mutual effects of the
binary stars could explain a variety of observed phenomena, e.g. X-ray observations or
Gamma-Ray bursts.

The Potsdam Wolf-Rayet (PoWR) model atmosphere code is a well-established tool
for analyzing massive stars. Using non-LTE stellar atmosphere models, stellar parameters
such as temperatures and mass-loss rates of massive stars can be obtained with good pre-
cision. While binary systems provide information which is not accessible for single stars,
composite spectra are also harder to analyze. The existence of a companion star does
not only significantly increase the number of unknowns, it also influences the appearance
of the WR spectrum, concealing the true parameters of the Wolf-Rayet component. WR
stars in binary systems showing composite spectra have been vastly excluded so far from
detailed spectroscopic analyses. In this work, we present methods for non-LTE modeling
of such composite spectra. As an illustrative example, we apply our techniques on a set of
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intriguing composite spectra of Wolf-Rayet binary systems in the Magellanic clouds. We
show composite spectral fits as well as their corresponding parameters and discuss conse-
quences for stellar evolution. Massive stars are important players in the cosmic evolution.
Among the massive Stars, the Wolf-Rayet (WR) stars are of particular importance.

Poster 33

BROAD-BAND AND MULIT-BAND POLARIMETRIC OBSERVATIONS
OF POST-AGB AND RV Tauri STARS

Akras Stavros
Institute of Astronomy, Astrophysics, Space Applications & Remote Sensing, National

Observatory of Athens, Greece

We present optical broad-band (UBVRI) aperture polarimetric observations of 53 post-
AGB stars,selected from De Ruyter et al. (2006)) and the Torun Catalog, based on the
shape of their SED and near-infrared excess. We find 10 (19%) of the stars in our sample
to be highly polarized (P > 5%), 30 (56%) intermediate/low polarized (1%< P < 5%) and
13 (25%) very low or non-polarized (P < 1%). Our observations show clear evidence of
asymmetric circumstellar envelopes or equatorial density enhancement around post-AGB
stars, probably formed at the beginning of the AGB phase. Furthermore, some stars ex-
hibit wavelength-independent polarization suggesting scattered light by large dust grains
or free electrons (Thomson scattering), while others show wavelength-dependent and high
degree of polarization originate from the scattering by small dust grains (Rayleigh scat-
tering). Finally, we also conclude that those stars with polarization higher than 3%, show
systematically [12]-[25]>1.5, J-H>0.5 and J-K>0.5, clearly separated from the group of
RV Tauri stars, which are found to be either low polarized (P <3%) or non-polarized.

Poster 34

PREDICTING STELLAR ANGULAR SIZES
Kaspar von Braun

Max Planck Institute for Astronomy, Heidelberg, Germany

Our CHARA survey of long-baseline infrared and optical interferometry measurements
is producing considerable numbers of directly determined stellar angular sizes. We use
our sample of 125 high-precision (5%) angular stellar diameter values and correlate them
with stellar brightness values from the literature to produce empirical relations for main-
sequence stars between observed apparent magnitudes, stellar colors, and angular sizes
(surface brightness relations). We find a significant dependence on stellar metallicity for
(B-V) colors. The scatter in the calculated relations is small (∼5%), which makes them a
robust tool for the prediction of main-sequence stellar angular sizes based on photometry.
This presentation illustrates our approach and presents our derived surface brightness
relations.
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A DAY AND NIGHT ON HW Vir
Maja Vučković

European Southern Observatory, Santiago, Chile

I will present our time-resolved XSHOOTER spectroscopy of HW Vir, a post-common
envelope binary system, a prototype of detached eclipsing binaries comprising of hot
subdwarf B primary and a cool M dwarf.

Aiming at detecting and analysing the irradiated light of the superheated hemisphere
of the M dwarf, our XSHOOTER spectra also reveal the ”night” side of the M dwarf. By
detecting the spectral features of both components we will demonstrate that HW Vir is a
bona fide double lined system allowing us to directly derive the masses of both stars and
consequently backtrack the controversial evolution of subdwarf B stars and test the mass-
radius relation of low mass stars. Consequently, these empirical results will constrain
the efficiency parameters for the CEE and resolve this important phase of the pre-CV
evolution.

Poster 36

THE ROLE OF ECLIPSING BINARIES IN OPEN CLUSTER RESEARCH
Miloslav Zejda1, Ernst Paunzen1, Zdeně Mikulášek1, Jan Janik1, Shenbang Qian2,

Liying Zhu2, Marek Chrastina1 & Jǐŕı Lǐska1

1) Department of Theoretical Physics and Astrophysics, Masaryk University, Brno,
Czech Republic

2) Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming, China

Eclipsing binaries are a key which opens the door to a chamber of knowledge. Although
research of eclipsing binaries in open clusters (OCs) is very promising, there are only two
lists of eclipsing binaries known in OCs, both published 3 decades ago. We introduce a
new catalogue of eclipsing binaries in the field of open clusters. In addition we establish
a new program for skilled amateur astronomers who are able to produce a huge amount
of photometric data of sufficient quality. Photometry as well as spectroscopy of selected
EBs in OCs will be used to determine parameters of components in binaries and OCs
themselves
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CLOSE BINARIES IN NEAR AND SHALLOW CONTACT STAGES
Liying Zhu

Yunnan Astronomical Observatory, Chinese Academy of Sciences, Kunming, China

Using small telescopes, we observed a group of close binaries. Some near and shallow
contact binaries, such as BS Vul, HH Boo, DD Com, MR Com and RW Com were inves-
tigated in detail and the evolutionary scenario were suggested based on these results. We
found BS Vul is a primary-lling near-contact binary, while HH Boo, DD Com, MR Com
and RW Com belong to shallow contact binaries. The difference is that the mass ratio of
HH Boo is high, and that of DD Com, MR Com and RW Com are low. For BS Vul, both
the semi-detached conguration and the continuous decrease in the orbital period indicate
that it is undergoing a mass transfer from the primary component to the secondary one.
This conclusion is in agreement with the excess luminosity seen in the light curves on the
ingress of the secondary minimum produced by the impact of the mass transfer. All of the
results suggest the systems similar to BS Vul are on the way of evolving into contact bina-
ries with high-mass ratio. The shallow-contact systems with higher mass ratio such as HH
Boo may be formed in this way. They are newly formed contact binaries and are different
from those systems with lower mass ratio (e.g., DD Com, MR Com and RW Com) which
are older contact binaries and are on the oscillating circles caused by the combined effect of
the thermal relaxation oscillation (TRO) and the variable angular momentum loss (AML).
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