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Eclipsing variable stars workshop Agenda - 1 Nov, 2012

8:00 — 8:45 reception

9:00 - 10:20 Chairperson: A. Hasan'Zadeh Variables At One Look

10:20 - 10:35 M. Mirbagheri Iran Space Agency Opening speech

10:50 - 11:30 K. Rokni observation Process

11:30 - 12:30 Prof. Riazi Morphology of light curves
in Eclipsing variable stars

12:30 - 15:00 Lunch and rest

15:00 - 15:45 Chairperson: S. Ostad nejad Software applications

15:45 - 16:30 K. Rokni M. Nilforoshan Spectroscopy

16:30 - 17:00 Rest -

17:00 - 18:00 A. Hasan'Zadeh Analysis of the light curve

18:00 - 19:15 Dr. Mirtorabi DI Her: Variable that is not
consistent with the general

relativity
19:15 - End of workshop -
j
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Occultation and TNOs workshop Agenda - 2 Nov, 2012

8:00 — 8:45 reception
9:00 - 10:20 Chairperson: Atila Poro Occultations At One Look
10:20 - 10:30 A. Hasan'zadeh IAU President Opening speech
10:45 - 11:45 Dr. Eberhard Riedel Grazing occultations - 1
11:45 - 12:30 T. Gochkanlo Deep Sky Photography - 1
12:30 - 15:00 Lunch and rest
15:00 - 15:45 Chairperson: M. Mirbagheri Some points about
M. Nilforoshan reporting in occultation

15:45 - 16:30 Dr. Eberhard Riedel Grazing occultations - 2
16:30 - 17:00 Rest -
17:00 - 17:45 T. Gochkanlo Deep Sky Photography - 2
17:45 - 18:30 Dr. Eberhard Riedel Introduction about TNOs
18:30 - 19:15 Dr. Wolfgang Beisker TNOs

19:15 - End of workshop -
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Exoplanets workshop Agenda - 3 Nov, 2012

8:00 — 8:45 reception
9:00 — 9:40 Chairperson: Prof. Nader Haghighipour Detecting Planets Using
A. Saboury Transit and Eclipse Timing
Variation Methods
9:40 — 10:20 S. Khalafinejad Exoplanets At One Look
10:20 - 10:40 Prof. Reza Mansouri Opening speech
10:55 - 11:45 Dr. S. Sajadian Methods of detecting
Exoplanets
11:45 - 12:30 Dr. Sohrab Rahvar Gravitational lensing, and
to detect exoplanets
12:30 — 15:00 Lunch and rest
15:00 - 16:30 Chairperson: - -
16:30 — 17.00 S- Ostad nejad Rest .
17:00 — 18:15 Prof. Sara Seager Introduction and update to
studies of exoplanet
atmospheres
18:15-19:15 A. Tajali ardakani The Orbital Evolution of
Exoplanets
19:15 End of workshop -
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At the first on the web site; www.rollinghillsobs.org that is related to variable star, the
ROV TRANVEN -1 Y= [=]e1 8 following information entered:

a Eclipsing

1. Time of observation: observation time must be chosen so that the moonlight does
. . not interfere.
variable star in 2. Longitude and Latitude of location
IOTA/ME 3. Type of variable star: in this section we select eclipsing variables.
4. Magnitude range: 8-11 (Because of 16” telescope we have in this workgroup).
wor kg roup 5. Declination range: from negative value of Latitude to 90-.
After entering the information, the site offers a number of stars and we should select the
star so that its period is less than 8 hours. So we can get data from star in a few days.
(W I WGl You should also make sure that the variable star is visible throw out the night. After the
initial selection of several variables, they will evaluate on the web sites; www.AAVSO.org
& www.konkoly-hu .

At these websites, we will evaluate articles and studies related to these stars. After selecting variable star, we will deter-
mine its position in the sky, maximum and minimum of its magnitude, type of the variable star using its Light curve. Then
we will survey O-C diagram.

We now select comparison star. This star must have the following conditions;

1. The spectral classification of this star and variable star must be the same.

2. Apparent magnitude of this star and variable star must be the same.

3. Comparison star shouldn’t be variable star or binary star.

4. This star must be close to the variable star so that both of them are in the telescope’s field of view.

Comparison star can be selected using this website; www.AAVSO.org or using the softwares such as C2A or TheSky or
Starrynight.
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According to the scientific charter of international occultation timing association (IOTA),
Why are we there are five important key reasons that justify the significance of this field of amateur as-

interested in "™

observati on Of 1 Study of moon orbital deviat.ions from its origingl orbit. arqund the ear.th, the bgtter predig-
. tion of moon and stars occultation, more accurate investigation of liberation, precise determi-
occultation? nation of star positions and also resolving the specific movements of the stars are just some
examples that reveal the importance of moon and star occultation observation. Apart from
that, formerly the interpretation of moon and stars occultation has contributed significantly in
Atila Poro - Paul Maley  pinary or multiple stars companions’ detection as well as the orbital position angle determina-

tion of the companions.

2. Studying the decrease of stars’ brightness in occultation with planets, dwarf planets and their satellites, would lead to spec-
tacular knowledge about existence and concentration of their atmosphere, rings of gaseous planets or even might lead to dis-
covering of new satellites. Pluto and other similar objects which are located at far distances from the center of solar system
have attracted a lot of attentions in recent years. Observation of faint stars’ occultation with Pluto, is a powerful tool to the ob-
serve its atmosphere variations and also for the discovery of its new satellites. Apart from that, among the objects which are
beyond the Neptune, studying the Kuieper belt objects is another possibility. The results obtained from these studies could be
quite useful for space missions’ planning.

3. Occultations produced by solar system asteroids, are among the most important types of occultations. Observation of these
types of occultations would afford unique information about the asteroid orbit, its shape and size. This method has been ap-
plied for investigation of thousands of asteroids by amateur astronomers. It is especially useful and cost effective while there is
no more need for sending man made satellites to the asteroid belt. If observation is performed simultaneously by several
groups and perpendicular to the shadow track, it would be possible to get all the above mentioned information by timing the
start and end of an asteroid occultation. Duration of star occultation by the asteroid depends on many factors such as relative
position of observers in the shadow, and size and shape of the asteroid. The more the recorded data and the higher their accu-
racy, the more realistic results would be obtained. Sometimes comparison of the recorded and non recorded times in an aster-
oid occultation, and also comparing the data with the previously obtained data would lead to very useful information about the
orbit of asteroid or the existence of probable companion (s). Asteroid occultation is also a common way to determine the angu-
lar diameter of some stars.

4. In order to obtain an accurate demonstration of moon poles, many grazing occultations have been observed. In spite of dif-
ferent types of photographs provided by various satellites, the characteristics of moon polar features are still improved by graz-
ing occultations. In past few years, the scientific value of grazing occultations has changed. Even an observation with the preci-
sion of 0.5 second, would lead to a very precise information about the moon edge features. Japanese spacecraft, Kaguya, has
performed an accurate laser mapping of moon poles according to the grazing occultations. These features are almost known
with a high accuracy, even though still the optical observations and measurements of moon occultations with different devices
are appreciated. In fact it might lead to the improvement of Kaguya mapping. Understanding the precise structure of the moon
edge, which is detectable during a sun eclipse, has still a great significance for instance, for measuring the variation in sun di-
ameter by using the observation of Bailey's beads. Therefore as it was mentioned before, the grazing occultations are still very
useful. Sometimes there are two simultaneously grazing occultations at two poles of the moon. This event is a very good op-
portunity for improvement of the moon diameter via timing.

5. It is for some years that amateur astronomers are actively contributing to the exoplanet planet topic. Until now tens of
exoplanet planets are discovered and every sometime there is news about them. These exoplanet planets are very faint
sources of light; therefore the astronomers are looking for an indirect way for their detection. One method for their detection is
the photometry of occultation or their transit in front of each other. This method has two main problems. First, the transits of the
planets are only observable for the planets whose orbits are in the same observation line with the earth based observation
place. And second is that it might be a deceiving method while the variations in the exoplanet planet light might have another
source and does not really come from the exoplanet planet. Therefore this method is just a support and confirmation of other
characterization methods like radial velocity. As there is a high accuracy in detection of exoplanet, there is no possibility of
visual timing.

6. According to the scientific charter of IOTA, observations of some other phenomenon in the sky are also capable of being
included in occultation activities.

An example is the determination of the comet s’ size through the timing of their star occultation.

7
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PHOEBE builds you a bridge between

binary star observations and

sophisticated computer analysis.

DIRK TERRELL

Dirk Terrell is an astrophysicist at the Southwest Research Institute in Boulder, Colorado, where he serves as the manager
of the Astronomy and Computer Systems section. He is also on the PHOEBE development team.

SOURCE: Sky & Telescope, August 2012




Eclipsing binary stars are rich sources of information on the intrinsic properties of stars. In the past several decades,
amateur astronomers have played a crucial role in their study. The amateur contributions have been most visible in the
observation of these systems using CCD cameras and modest-sized telescopes, because advances in software and
hardware technologies have made it possible to undertake worthwhile observing projects that are impractical for profes-
sionals such as myself to pursue at big-time observatories.

For example, John Gross, Walt Cooney, and | recently completed a survey to measure the colors of hundreds of binaries
belonging to the W Ursae Majoris class. Projects such as this allow us to advance our understanding of these systems,
and of stars in general. But what if you don’t have a telescope and CCD camera to do your own photometry? Can you
still contribute to research on binary stars without a telescope? Or, have you observed eclipsing binaries and wondered if
there was more you could do with the data? Yes, there is a lot more that you can do, whether you're working with your
own observations or someone else’s. What you need is PHOEBE.

Birth of a Computational Titan

PHOEBE, short for PHysics Of Eclipsing BinariEs, is a tightly integrated collection of software tools used to analyze ob-
servations of eclipsing binaries. It's free and available for Linux, Windows, and Macintosh operating systems at http://
phoebe.fi z.uni-lj.si. The website also has documentation and tutorials, as well as information on the various e-mail lists
where you can communicate with the developers and other PHOEBE users. PHOEBE is built around the widely used
Wilson Devinney program (WD), originally developed in the early 1970s by Bob Wilson and Ed Devinney, then both at
the University of South Florida. Continually developed by Wilson (now at the University of Florida) over the years, WD
has developed into a sophisticated tool for analyzing light curves and other types of stellar observations such as radial
velocities, X-ray-pulse arrival times, and polarization curves.

WD is a powerful analysis tool, but its interface with the user can intimidate those unfamiliar with it: it's a command-line
program driven by a text input file, and its output is another text file. Seeing this situation, Andrej PrSa — then at the Uni-
versity of Ljubljana in Slovenia and now at Villanova University with Devinney — developed PHOEBE as a set of tools
that basically sits on top of WD DIRK TERRELL (4) and makes the user’s interaction much more straightforward and
efficient. PHOEBE consists of three parts: the library, the scripter, and the graphical user interface (GUI). As an end
user, you don’t have to worry much about the PHOEBE library, just as you don’t have to know about the details of an
automobile engine to drive a car. The PHOEBE scripter is for more advanced users wanting to do automated processing
of binary star data. The GUI is where most new users will start. But before jumping into the use of PHOEBE, you have to
understand how the process of analyzing data works.

Modeling Binary Stars

Observations are at the very core of the scientific process. They allow us to test our ideas about how things work in na-
ture. For eclipsing binary stars, the two major types of observations are photometry, or measurements of the brightness
of the binary, and radial velocities, measurements of how fast the binary’s stars are moving along our line of sight.

We make various assumptions about a binary system to create a model, and then we test that model's predictions
against the observations. For example, a model of a binary system will include some assumptions about the shapes of
the stars. A very simple model might assume that the stars are spherical, and in some binaries, that assumption is quite
good. In others, it will be terrible. A slightly more complex model might assume that the stars are ellipsoids, making the
model applicable to a wider variety of real binaries. A still more complex model would assume that the stars’ shapes are
based on the physics of gravity and rotation, as is done in the WD program.

A useful model must make predictions that can be tested by observations. A binary star model might predict how the
binary’s brightness varies with time as the stars orbit each other as seen from Earth, a pattern known as the binary’s light
curve. It might also predict how fast the stars are moving along our line of sight as they orbit, movements that trace out
radial-velocity curves. These predictions, called “observables,” can then be compared with the observations to see how
well they agree. If they agree, you can have some confidence that the model is a reasonably good approximation of the
real binary. This process of fitting a model to observations is precisely what PHOEBE enables you to do. All models have
parameters that can be adjusted to produce changes in the observables. For instance, in the simple model where the
two stars are spheres, the individual radii of the stars are parameters. (In more complex models, like WD, the radii are
computed from another parameter that is sensitive to distortions in the stars’ shapes.) If we are modeling a binary light
curve, we can change the values of the radii to make the predicted eclipses longer or shorter. Another parameter is the
inclination of the orbit, the tilt of the binary’s orbit with respect to the plane of the sky. When the inclination is 90°, the
centers of the stars’ disks will pass directly in front of each other, causing total or annular eclipses depending on the
stars’ sizes. As the inclination decreases the eclipses will become partial, growing shallower with decreasing angle until
ultimately they disappear altogether. In a complex model such as WD, there are dozens of parameters that fully describe
a binary model. Part of the art of fitting observations is to understand which parameters are important for binaries of dif-
ferent kinds, and in turn which of those important parameters you should adjust to fit a set of light and/or radial-velocity
curves. In this regard, binary star data analysis is a bit like learning to play chess. There are few rules to learn, but mas-
tering how to put them all together can take a while. That's where PHOEBE can help.
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PHOEBE to the Rescue

PHOEBE makes it easy to develop the intuition about how the parameters of a binary aect its observables. You can build
a model for an imaginary binary, change a parameter, and then replot the light curve to see what difference it makes.
You can steadily decrease the inclination and watch the eclipses get shallower. You can increase the radius of one or
both stars and watch the eclipses get wider. You will even come across parameters, such as the semi-major axis of the
binary orbit, that have absolutely neect on the shape of a light curve but a huge effect on a radial-velocity curve. Learn-
ing these sorts of things is the first step in learning how to do binary star data analysis.

This intuition will make you see binary observations in a new way. You may observe some eclipsing binary, plot out its
light curve, and find yourself wowed by it. It's so beautiful you'll even show it to your non-astronomer friends, who will
wonder how a bunch of points on a sheet of paper can get you so excited. But you'll be excited because you know from
playing with PHOEBE that from those “boring” points you can figure out all sorts of things about you binary, such as the
shapes of the stars, their temperatures, how fast they are spinning, how far apart they are, how they orbit each other,
whether they are young or old, and whether material is fl owing from one star to the other. Those insights will probably
intrigue your friends a bit more. It's fascinating what you can discern about binaries from that beautiful light curve of
yours, even about events that happened to the stars millions of years ago.

If you find that difficult to believe, just consider Algol (Beta Persei), perhaps the most famous eclipsing binary of them all.
From studies of its light and radial-velocity curves, astronomers discovered that Algol’s cooler and lower-mass secon-
dary star is actually an evolved star, while its higher mass primary star is still a normal, relatively uninvolved main-
sequence star like the Sun. Since we know that massive stars evolve more quickly than lower-mass stars, this presented
quite a conundrum, known as the Algol Paradox. This situation prompted theorists to develop models of the evolutionary
history of Algol, revealing that the secondary star was once the more massive one. It expanded millions of years ago and
dumped most of its mass onto the now more-massive primary, reversing the mass ratio. So light and radial-velocity
curves, along with some clever thinking, can indeed result in an amazing sleuthing job.

(You can see continuance text in Sky & Telescope magazine ...)

The eclipsing binary star Algol fades every 2.87 days from its
usual 2.1 magnitude to 3.4 and back. It stays near minimum
light for two hours, and it takes several additional hours to
fade and to rebrighten. Shown below are magnitudes of com- 17:38 10
parison stars (with the decimal points omitted). _—

Minima of Algol

15:57 14:27 13
12:46 11:16 16
9:35 8:04 19

6:23 . uT 22

13 312 453 25

16 0:01 1:41 28 om

18 20:50 22:30 30 20:59

These geocentric predictions are from the heliocentric elements Min. = D
2452253.559 + 2.867362E, where E is any integer. Derived by Gerry Samolyk
(AAVSQ), they reflect a slight lengthening in the star’s period that seems to
have occurred in early 2000. Predictions courtesy Marvin Baldwin. For more
about this star, visit SkyandTelescope.com/algol.
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PHOEBE has several interface windows (four shown, top to bottom) — the main
window, where you do things such as specify your data and tweak parameters; the
radial-velocity plot; the parameters window (you can change these yourself or set
the program to change them for you); and the light-curve plot, which can incdude
photometry taken in different wavelength bands. Each window gives you a differ-
ent perspective on how your model fits the data. These data are for TT Herculis.




o szal)ly plaS” 0ty 45"l ol ooy Glasl i 51 (ide oS (oo g pis JolS ok 1) (290 S ke 45 5500 3925 6oL slo e ,LWD s sazmy asliy S5 50
255 Mgy Cesd ooy Golate olad Sty 5 (6598 (e Jloged Sy 4 B 0,8 ol il |y et slo el o 51 S plaST 4l 5 s oo n alige g5 plaS sl
e Oloy o b il dem (5255 4 @3sSa lae Lol g 48,504 il o5 Ce (o8 (sl (58 ol sl (3Lt (250 S DML (0,5 LT b (e 4

| s, sl PHOEBE

P Ges oS S85 a5 0S oaalie 5 aees alS ) (golhe e S siSh 5 dnsy jska alsh (oo el 005 (B8 az aii B oS o 1) (688 (e 0)L9d g
56T (6550l pad gl Wz s ol i gel il walss olad S s imie (59 p (il 5l Pge 50 Lol il ialoss ()58 (Sote S (59,2 S3U 2
o 6:[.)90 O)L';.m ‘_gLQ ools

Sy 1) Glayel (sioe Bk cpl 5l oS as) 1) (8.5 Sbgs wiz wiley ge Lad oy S0 s sl a8 ay b Sligs voy 4 a5 wes o |y Il ol Lol 4y STys oyl
a5 5 S (55, abals diws G 4igS> 45 5,5 dales el lakad 4SS aum LiS 093 et el liwgs 4 1) T a5 8g dmles Loy LS S ayed 00 il g 0yl
Sz 4o 4 Al (o 00S aius glo abais o] 5l a8 ol as § SLPHOEBE L 65L 5l cys2 dsd (o0 00 olomd Lo Lol o jgler olomn 4y 1) Loy jasl bilgs o 3215
o)l S5 5148 (gl oole (i 5 (4L e en 590 4 4L (30,5 lo e e 1 Gls alold (L i3 o ey clgdT (Lo el o)l S e 1y o (o OB 0 ke @ a2,
WS e oy Jlasl 6,500 4

Ll 0aisS ygudl Ladly coslidl o o)l ol (sl Sl az i Jlo b aades duagdy a3

3 el (3 J 0eV0IVEd (o)l SO iz 10 degama (nl 35 g, 0 5 50w o)l 45 W30, RS Hlaredils elad Cae p tie § (5,9 (e anlllas ||
OB ke Jsot ey a5 ouils o Lo Lol sl adyo Jie Lol 4 o)l S sevolved L el sole 0, G j5id piss (pl iy adgl ol &5 Il
g el Sl bl a4y pomie Wil o il wiloieddign Bl g S olyen a4y olad Casyus § (5,8 (ot

A pidlo b Sin &5 o>

L Llh LS langlsd Lot 4585 5,50 355 (slonio, J1o) 0 (so 4sbiy & |, 4585 O 00 (529eng il L (6 Soish S0 4 o 1y 1 0l b 255 sl ot
e ol b oyl aisgal 5 b a8 Slajs & azgi b af conle jall wulas ugd Yo gl 03,5 aslinal 2L alaS 5 a8 sy s (o JUjss 50 oad piiie mls
Gl 25T (a3 3575 (6t @t bl Wiy i o St Sl (S @Bl (pAm 055 (o0 e Bkl 5 WS (oo et T L el (sde e it g antis
Deh oo e bkl Condg g 08 (oo Jlesl | Sl Lad il 00,5 jeal Ll oS Sl 5ax 5l Sl SLlS 3z (b9 Wl isd el b s el
fazr Yo sy (o0 485 )50 slo o) b Goad S5 4 Lol ool

o O aass gl ol S8 sl die) (0 AT (gl Al > pomie SO L Ojsiie Lald b ys el b eals slpaiy o oy o ele 5l 0,5 Jols linebl aey pud
e b col Jodae U > ol a5 0y 6% et 4y wilgs oo ol oS SLLs SaS Lo 4y wilgs

S5 ,95leT lazia b amo 90 (e vl oads Ol lislidiod SWe jo el ol a8, Jaasl o yoT o oo b gl i Sowns i 3 ) ol (6 )Ked i 4555 >
http://binaries.boulder.swri.edu : colu 0y cnl 5l Lo pgs oo Jlrdss gl 4 50,5 SeS 5l aduad g ol 00,5

b o)Sen gz gl 4> plozmie 528l 6lp (255 slr 3(AAVSO) IS0l suite ol s ]S, ezl oS (g oolitl bl (sl oy5en Jomal e
Oygden Bl oty (2ol a4y g Wl esls plodil olo IS ax 4SSl genae b ol (gl dllas yiiel vy a8 08l Cuws lle cols (gl dlate 5 g > ol S 4y 3
OLSea Ll Jlo (e 058 g0 5 ol Glaly ams plnil 1) )15 ol sy az o aile  allie (s 4 g2y G551 ) Lot il oo )15 SET ol o (ol @8> S5
Sy e 3l 535 S8 AT (g i oo Jlo slo Alie 535145 00,5 IS 0k yLe]

P93l S0 3 5 94 2Ll QB alsh 05 oo el (50,5 (5l ity 1) GBI (55,10 A e 5 Aoy gagm JU o3 So |, (T g 1) (b Wlie oS 28
Loyl 53y GRS gl (SaS 5 Gl IS e @ Lo o 57 5 0,5 wnlys yisie |y oS Jsed 1y b alie JUyg5 81008 bl 01 50 950 sl 1y (St

S ) 0,8 By Lasn S S IUT sl g den )] Lad 45 A5 65 5 Ky 59, sl abai o] Sl Cod iy oS olibiogs Wl

15



