JOE23

Journal for Occultation and Eclipsing
Intemational Occultation Timing Association/Middle East
November 2012




bl g ol

ogaz g o 5Ll (6,155 5 51 G olo a5l ol (o (il yaiS ol s o0 1
Do &y (Sod @8 gl o) (hrasge sl (il IS ()35 39, A 2 40 2
i 1yl elsslam Ceand o aids 15

35 HEALS C8  eage Kl o ol s ode slo lens 5 35T 3lkas 3
Omt e sl 9 M1 GLBT St (6 aihy (eg glalizsl LS 4
52l SHb e 5o GBaS oS, 5l (S5 Gt A pg0 59, bk o D
0,8 oy ygam ol s G5

ooy 5o 5 b sl ez S by Gl le chgysly 4l 6
a5 Lasie WWW.iota-me.com

Axgi 350 Dok 4y a5 ola Sl 5l S il o eS8, .8
IOTA/ ST slo asb s 0 9 00,5 il ooy |, é )5 |15 Bas oS 5
&S e ME

b Jagy oylepl 550 GBIl o ()5 bt jpam 5l 605 o sl 9
GBI e g ozl S ol 4 Lhedd 555 &l Ly 40yl
AL I SV SOOI v NP H ESR WSS

5 SIS0 doe Gl ()5 Gl g0 Ll ane ol alad plejls 10
gy oad hdte ) (BanS o8 b 4y ool &)l Ko 8ty I e

A o)l il Slly 5l goemme oxizme BT 51 LuilasS 59, cpwiss (011
3 Sads gl B aSuls olSiss Sy g 0 i 0y05 405 059 i A Glsie
b Rl Sl S5 4 a5 el plasl a4 glal olad bl Sk
Lo, 550 QBT 5l ogus jsb 4 wogzrge OMie 5 ()15 2 opas ;0 Slxeog
0,8 S olp (A e gy (> U jedgn o SS) (P9s0S S spate
09,5, 10 bled &g 40 a5 W8S Canlem o laiadde don I Lol cpizren
@lasl b glyisen (olos @ el i @l el il a8 655 bk 50 13
30 delinle ol Canasd g (o ) 5an b aS) pyon doliale o)led (3,51 L ol jors jgua>
A5 35 EAS 5 i (o3 458,55 s

WS oo ()l b

5 5 Usis | all s il i
b 138 R ol 5

Ls bl ol alonygls coond by 285 5 Las !l (adl gy (uil&ST (rpgen
oo LT3 5 11 50 5 51 poms ol iy aolouil g sl (sl olojlos Culos
W81 0 s b o Glpl plad plejle eaSangy Jore o

5 sl (b 11) 28,5 oo pice [ol5 )15 ams o Wl uilyaiS ol Jl!
52 (0b1 13) ut g3l 3 lo aoglane (L1 12) St gl o
yeam olaisl b oS ails e85 ol5 I aw ool 50,4 108 ggame j0 5 20§
olyasS ol jo 585 245 WIS IS S 5l i slaad o FanS oS sl S
SSlul (GBans IS Ly phaS Gl S sy e bl
olpl 4 IOTA/ME Jlé Lacl 5l golaws fuizmed 5 ()15 g S5 atws
St 33 3 oy sl Sysgane 3yl plon al 3 Sl i
B i 05 50 andl b g el (sl il 5

5 Olnl P9 el Gty b)) aldg s > S las Ll Yt
(IPM 55 0uSitngsy s,

G dezme 28 0 2l ] s jgud 18,5 (G e o515 (U e
(Lo s daze (3135 Sliul o)l (55 (B9 00l e sl (ol 5 e

5 T e Jagy ool 150 1 Skl b gl (o 9 LS o5, (4l yisws
Sh 58 ab 5,8l e Lo dome

st Rt b jeedsn gamdyeSl S b dsglin o5, (Ul s
Sl 55 ol oo 250 (N [lo jeudyn «dd ) jeudy
(Sl o ool ol als |l ¢ lgal,

55 oliasl o)L ¢ S5 39,55 g B yee Loy dazes [ guidl p20ST Gl (gl
w00l Gy yesl 6590 byl caids dngans

WSl odns [er yho

wooly anids Lo ) des il y0S 1521 o

o0 Ml o2l ol Conni jgundy il JAST iliio g o555 (oode (2 ate
ol sl s

Journal for Occultation and, Colipsing - IOTUME

Page 2



Third International Conference of
Eclipsing and Occultation (2012) was
held in Tehran

Third International Conference of Eclipsing and Occulta-
tion on was held on 1 - 3 November by IOTA/Middle East
at the Space Research Institute in Tehran and sponsored
by Iran Space Agency and also the International Astro-
nomical Union.

This conference held in three workshops: Eclipsing vari-
able stars (November 1), Occultation and TNOs
(November 2), Exoplanets (November 3). 108 people
participated in the Conference.

In these 3 days with organizers efforts, prominent foreign
and domestic speakers and a large number of active
members of IOTA/ME presented their speech. Despite
lots of limitations two foreign speakers, from Germany
and French attended in this conference.

Opening speeches: Dr. H. Khosroshahi (Vice-president
of ASI and President of Astronomy department of IPM) —
Dr. Robert Williams (Pas President of 1AU).

Eclipsing variable stars workshop: Prof. N. Riazi — Dr.
M.T. Mirtorabi — A. Hasanzadeh — K. Rokni — S. Ostadne-
jad — M. Nilforoshan.

Occultation and TNOs workshop: Dr. E. Riedel — A.
Poro — M.R. Mirbagheri — M.T. Ghoch’kanlou.

Exoplanet workshop: Prof. N. Haghighipour — Prof. R.
Ferlet — Prof. S. Seager — Dr. S. Sajadian — Dr. S. Rahvar
— S. Khalafinejad — A. Tajali ardakhani.

Translation: Sepideh Sharbaf

Executive Director of the Conference: M.R. Shafizadeh

Scientific Leader of Eclipsing variable stars work-
shop: Prof. N. Riazi

Scientific Leaders of Occultation and TNOs work-
shop: Atila Poro

Scientific Leaders of Exoplanet workshop: Sara Kha-
lafinejad

Workshop’s chairman: M.R Mirbagheri — K. Rokni — S.
Ostadnejad — M. Delband — A. Sabouri — A. Hasanzadeh.
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A welcome message for IOTA/ME
Conference (2012)

WELCOME TO THE IOTA/ME MEETING

It is a pleasure for me, as recent Past-President of the
International Astronomical Union, to welcome the mem-
bers of IOTA/ME to your annual meeting. Progress in
astronomy benefits from the large number of amateur
astronomers who make observations that are very useful
for the interpretation of many phenomena. The work of
the IOTA/ME is appreciated by astronomers who use
occultations to determine the geometry of objects and
orbits. Meetings such as this bring together observers
with common interests that enrich the science of astron-
omy.

The IAU is pleased to provide assistance to groups such
as yours, especially in making your work known. We
regret that we only have very limited funds so it is difficult
for the 1AU to provide all such groups as the IOTA/ME
with funding. However, we are aware of your fine web-
site and we are happy to encourage you to continue your
programs. From my own experience | can say that it is
good for you to advertise your work to the public in Iran
and to hold occultation timing events where the public
can visit you and see what you are doing. This will help
educate people to the goals and methods of science,
which is so important in combating ignorance and super-
stition. The sky is full of fascinating objects and proc-
esses. Who can look up at night without being excited
by the fact that the earth and life on it are an important
part of celestial evolution, and that the environment and
activity that we experience on earth may also exist
around other stars in other galaxies.

The 1AU wishes this IOTA/ME meeting to be successful
and interesting, and we hope that continuing interest in
the IOTA causes it to grow in the future.

Robert Williams
Past-President,
IAU
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The second workshop of the IOTA/ME eclipsing variable stars workgroup was held
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Report: 2012 IOTA Annual Meeting
Presentation: IOTA/ME Annual Report
Date: October 19-21, 2012

Place: North Las Vegas, NV

Method: Remote presentation

Presented by: Marjan Zakerin (Germany)

First of all, I would like to thank IOTA/ME for giving me
the opportunity presents the IOTA/ME annual report in
IOTA annual meeting, 2012. The meeting was interna-
tional and very interesting. There were remote speakers
and presenters from all around the world.

The report was presented in presence of the president of
IOTA David Dunham, and some collaborators of IOTA/
ME like Paul Maley and John Talbot. The report was
classified in different categories as:

1. Introduction of office: to introduce not only the or-
ganizers, but also Tehran as the main place for IOTA/ME
activities.

2. Memberships and work groups: to introduce IOTA/
me well-defined method to select and train motivated
young volunteers in 4 different work groups of occultation
and Trans Neptunian Objects, Exoplanets, eclipsing vari-
able stars and development of astronomical equipments
to improve observation and timing facilities.

3. Publications in Journals and websites: To show
that IOTA/ME has tried to collaborate with other astro-
nomical groups to be introduce to the people who are
interested in other fields of astronomy.

Date: 19 Dec. 2012
Event time: 00:53:08 UT
Star: TYC 1896-01307-1
Constellation: Gemini
Star Mag: 8.9

Star Alt: 49 W
Asteroid: (410) Chloris
Asteroid Mag: 13.3
Max duration: 7.1 sec
Mag drop: 4.4 m

Rank: 99

Sun Alt: -33

Moon: Below horizon

poons aslinle 223 o )lads o 1 5 b slins ol Sledll g wo) 2,5
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iotamiddleeast@yahoo.com S dx e ails gl

4. Publication of the occultation book which is writ-
ten by Atila Poro and Paul Maley: IOTA/Me has fol-
lowed two aims with the publication of this book. First, it
is an international cooperation and second, all the defini-
tions and applications of different terms are introduced in
standard was along their international definitions.

5. Workshops and conferences: The IOTA/ME work-
shops were held in different cities like, Isfahan, Shiraz,
Tehran, Tabriz, Dezful, Gonbad-e Qabous and Dam-
ghan. It shows that the workshops and conferences are
held in a vast geographical area to provide the equal
opportunity for interested people to attend them all over
Iran.

Without any doubt, all these well planned activities
by IOTA/ME impressed the audiences.

Final talk:

Without any doubt, IOTA/ME appreciates the organizing
team, all astronomical friends like Parssky website, No-
jum magazine, Night sky magazine, astronomical re-
search center of Iran space agency, Shiraz University
and all others who have helped this organization. We
also appreciate all the reports that we received from dif-
ferent astronomical groups. And finally we would all
would like to thank Iran space agency for all their sup-
ports.

There is no need to say that In order to have a better
scientific impact and to progress further; we count on all
of our friends and collaborators all around the world.

TYC 1896-01307-1 on
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The Exoplanets workshop in Tehran ...
Translation: Mehdi Adibi sedeh

The Exoplanets workshop was held in the Plasma Phys-

ics Research Center at the Science and Research Branch
of Tehran, November xx, 2012. The workshop was organ-
ized by Mohammad Reza Shafizadeh, the head
of Physics Scientific Association of Plasma Physics Re-
search Center, and with the invited speakers: Prof. Roger
Ferlet, the research director of Institute d'astrophysique de
Paris at The National Centre for Scientific Research
(NCSR), and Atila Poro, the head of International Occulta-
tion Timing Association-Middle East Section.

Prof. Rojer Ferlet admired the interest of students in fun-
damental science in Iran and said that in Europe, espe-
cially in France, students exhibit more attraction towards
other fields than towards fundamental sciences. The Ira-
nian students' interest in fundamental sciences is hence
fortunate and valuable. He expressed the Scientific Asso-
ciation of Plasma Physics Research Center as a highly
active student research centre with lots of potentials, and
the level of collaboration with the Middle East Section
of International Occultation Timing Association
is especially of high quality and rank.

In the workshop, the Editor of Journal of "L'Astronomie”,
journal of the “Société Astronomique de France" after in-
troducing his research institute, lectured on the methods
of detecting the exoplanets, methods of investigative their
orbits and the methods of classifying those potentially
containing life from those free of life. Exoplanets are re-
ferred to as the planets outside the solar system in
other planetary systems, orbiting stars other than the sun.
He mentioned that knowing other planetary systems helps
us to gain more insight into our solar system. "Our aim is
to find an answer if the planet earth the only one hosting
life in the whole universe. There are two categories of
planets orbiting sun, rocky planets which mainly are made
up of rock and metal. They comprise of the four closest
planets to sun. The second class is the gas planets where
lack a solid surface and have a thick atmosphere
of hydrogen and helium and orbit further away from sun.
According to the Kepler's laws of planetary motion, the
closer the planet to the sun, the faster its orbital speed.”
"As direct imaging from exoplanets
is empirically impossible, the vast majority of known ex-
trasolar planets have only been detected through indirect
methods such as Radial velocity or Doppler method, Tran-
sit method, Transit timing variation, Gravitational mi-
crolensing, Astrometry and pulsar timing".

During the workshop, a memorial was signed by Atila
Poro, the head of International Occultation Timing Asso-
ciation-Middle East Section, Mohammad Reza Shafi-
zadeh, the head of Physics Scientific Association of
Plasma Physics Research Center, and Prof. Roger Ferlet,
the research director of Institute d'astrophysique de Paris
at The National Centre for Scientific Research (NCSR).

Prof. Roger Ferlet was invited by the Middle East Section
of International Occultation Timing Association for a pres-
entation in the International Occultation and Eclipsing
Conference in Tehran. Upon the invitation of head

of Physics Scientific Association of Plasma Physics Re-
search Center and Amir Rabbanizadeh, the executive or-
ganizer, Prof. Roger Ferlet held the exoplanet workshop
at <Science and Research University of Tehran>. He also
presented a talk in the school of astronomy at INSTITUTE
FOR RESEARCH IN FUNDAMENTAL SCIENCES (IPM),
November 6th, 2012.
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Methods of detecting Exoplanets
Dr. S. Sajadian
(IPM)

An exo-planet can be detected by direct or indirect ob-
servation. The direct observation of an exoplanet, in the
sense of being able to separate physically the photons
from the planet from those of the central star, is a prob-
lem. Because it is difficult to achieve in practice.

In certain cases it is possible to detect the planet by ob-
serving the effect that it has on its parent star, its motion
or luminosity. The techniques that are based on this prin-
ciple are known as ‘indirect’ methods, in contrast to direct
method.

In reality, the star and its planet are bound by gravitation,
and each of the bodies in the system has a motion
around the center of mass of the system. So the source
star moves over an elliptical trajectory. We can detect a
planet by observing a variation in the position of the star
relative to a fixed reference frame. This method is known
as ‘astrometry’.

Also an exo-planet can be detected by measuring the
star’s velocity of approach or recession as a result of the
motion around the centre of mass. This measurement
method is known as ‘radial velocimetry’.

In certain cases, we may equally hope to detect the pres-
ence of a planet by the effects produced on the luminos-
ity of the star itself. Two principal effects may be involved:
the passage of a planet in front of the star (a transit), or
gravitationally induced amplification of the brightness of a
background star by a planetary system as a lens system
(gravitational microlensing). In this method we discern the
gravitational effect of a planet by measuring variation of
the brightness of a background star.
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Applications Software in
Eclipsing Binaries
Setareh Ostadnezhad
(Shiraz University and IOTA/ME)

|mages of astronomical objects are usually taken with

electronic detectors such as a CCD (Charge-Coupled
Device). CCD is a small piece of semiconductor that is
used in digital cameras. CCDs were first used in astron-
omy in 1976.

The image obtained by a CCD is affected by a number of
instrumental effects that must be corrected before rea-
sonable results can be obtained. To obtain precise
photometric result from CCD images, we have to reduce
the Bias (or Offset) frame, Dark frame and Flat-field
frame of raw image.

There are different kinds of image processing software
that can calibrate images and do photometry, such as
Maxim DL, Iris.

Maxim DL is specifically designed for astronomical imag-
ing and supports different kinds of imaging tools such as
CCD and also it controls filters, telescope and observa-
tory domes. This software is commercial and there are
several versions available, depending on your work. You
can find them in this site:
http://cyanogen.com/help/maximdl/MaxIm-DL.htm

Using this software and performing the photometry, you
can extract useful data such as precise time of observa-
tion and magnitude of stars, that are necessary to plot
the light curve of eclipsing binary.

For this purpose, you must classify the Bias, Dark and
Flat-field images and then calibrate raw images. For pho-
tometry you just select the variable star, comparison star
(s) and reference star and then analyze (Figure 1).

Iris is powerful astronomical image processing software
that runs on Windows, and under WINE in Linux. This
software is free to download and use (Figure 2).

The following steps must be done for calibration and
photometry with Iris:

1. Setting & Load images.

2. Image processing (Subtraction of Bias, Dark and Flat
frame).

3. Align images.

4. Photometry.

For more information about this software, the following
site is suggested:
http://www.astrosurf.com/buil/us/iris/iris.htm

The purpose of photometry is plot a light curve that
shows the brightness of an object over a period of
time. After doing photometry by Maxim DL and Iris, a text
file of magnitude of star and the time of observation will
obtain, that are used to obtain the light curve (Figure 3).

Binary Maker 3 and PHOEBE are two popular software for
modeling of eclipsing binary stars.

Binary Maker 3 accurately calculates light and radial ve-
locity curves for almost any type of binary, simultaneously
displaying the theoretical and observed curves as well as
a 3-D model of the orbiting stars (Figure 4).

To purchase this commercial software, see the following
site:

http://www.binarymaker.com/

PHOEBE (PHysics Of Eclipsing BinariEs) is a tool for the
modeling of eclipsing binary stars based on photometric
and spectroscopic (radial velocity) data and it has been
built on basis of the Wilson-Devinney (WD) code. It is
used to simulate the light curve and to determine pa-
rameters of eclipsing binaries (Figure 5).

PHOEBE is free software and you can download it from
this site:

http://phoebe.fiz.uni-lj.si
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Spectrometry,
Introduction and Stellar Application

M. Nilforoshan

(Zanjan University)

A\l our information about the physical properties of
stars comes more or less directly from studies of their
spectra. In particular, by studying the strength of vari-
ous absorption lines, stellar masses, temperatures and
compositions can be deduced. The line shapes contain
detailed information about atmospheric processes.

The light of a star can be dispersed into a spectrum by
means of a prism or a diffraction grating. The distribu-
tion of the energy flux density over frequency can then
be derived. The spectra of stars consist of a continu-
ous spectrum or continuum with narrow spectral lines
superimposed. The lines in stellar spectra are mostly
dark absorption lines, but in some objects bright emis-
sion lines also occur. In a very simplified way the con-
tinuous spectrum can be thought of as coming from the
hot surface of the star.

Atoms in the atmosphere above the surface absorb
certain characteristic wavelengths of this radiation,
leaving dark ‘gaps’ at the corresponding points in the
spectrum. In reality there is no such sharp separation
between surface and atmosphere. All layers emit and
absorb radiation, but the net result of these processes
is that less energy is radiated at the wavelengths of the
absorption lines.

The spectra of stars are classified on the basis of the
strengths of the spectral lines. Isaac Newton observed
the solar spectrum in 1666 but, properly speaking,
spectroscopy began in 1814 when Joseph Fraunhofer
observed the dark lines in the spectrum of the Sun. He
assigned capital letters, like D, G, H and K, to some of
the stronger dark lines without knowing the elements
responsible for the origin of the lines. The absorption
lines are also known as Fraunhofer lines. In 1860,
Gustav Robert Kirchhoff and Robert Bunsen identified
the lines as the characteristic lines produced by vari-
ous elements in an incandescent gas.

Spectrographs. The simplest spectrograph is a prism
that is placed in front of a telescope. This kind of de-
vice is called the objective prism spectrograph. The
prism spreads out the different wavelengths of light
into a spectrum which can be registered.

During the exposure, the telescope is usually slightly
moved perpendicularly to the spectrum, in order to in-
crease the width of the spectrum. With an objective
prism spectrograph, large numbers of spectra can be
photographed e. g. for spectral classification.

For more accurate information the slit spectrograph
must be used. It has a narrow slit in the focal plane of
the telescope. The light is guided through the slit to a
collimator that reflects or refracts all the light rays into a
parallel beam. After this, the light is dispersed into a
spectrum by a prism and focused with a camera onto a
detector, which nowadays is usually a CCD camera. A
comparison spectrum is exposed next to the stellar
spectrum to determine the precise wavelengths. In mod-
ern spectrographs using CCD cameras, the comparison
spectrum is usually exposed as a separate image.

Instead of the prism a diffraction grating can be used to
form the spectrum. A grating has narrow grooves, side
by side, typically several hundred per millimeter. When
light is reflected by the walls of the grooves, the adjoin-
ing rays interfere with each other and give rise to spec-
tra of different orders. There are two kinds of gratings:
reflection and transmission gratings. In a reflection grat-
ing no light is absorbed by the glass as in the prism or
transmission grating. A grating usually has higher dis-
persion, or ability to spread the spectrum, than a prism.
The dispersion can be increased by increasing the den-
sity of the grooves of the grating. In slit spectrographs
the reflection grating is most commonly used.

Slit Collimator Prism
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Introduction to ground-based

observation of exo-planet atmospheres
Sara Khalafinejad
Leiden Observatory

Studying exo-planets is not a very easy task,mainly be-

cause of two reasons. Firstly, planets are relatively very
small and very far and secondly, there is an extreme
contrast between the planets and their host star ob-
served fluxes(For a Jupiter sized planet next to a M
dwarf is in the order of 1to 1000 and for an Earth sized
planet next to Sun like star is about 1 to 10™). The later
reason is the most important obstacle in detection of
exoplanets and studying their characteristics. To make it
more tangible, consider the following example, even ob-
serving the nearest and biggest planets in the neighbor-
hood of our solar systemis analogous to stay in Tehran
and observe the head of an ant situated very close to a
very radiant spotlight somewhere in Kish island (in the
order of 1000 Km away)! Despite all the difficulties, some
methods have been discovered to find exoplanets and
characterize them and they are constantly being im-
proved.

Methods: Currently our instruments let us to study the
atmospheres of some of the extra solar gas giants that
are transiting their host star. There are three ways for
studying the exoplanet atmosphere through transit: (1)
Transmission Spectroscopy; (2) Secondary Eclipse; (3)
Phase Curve (See figure-1).

Transmission Spectroscopy: When the planet transits
in front of its star a part of stellar light should pass
through the planets atmosphere to reach us. This light
contains valuable information that can reveal the charac-
teristics of the atmosphere of the planet and tell us what
sort of atoms and molecules are available there.
Secondary Eclipse: At some point in its orbit the transit-
ing planet will pass behind the star. By comparing the
observed fluxbefore, during and after eclipse we can
measure the reflected and emitted light we receive from
the planet and obtain information about composition,
albedo and thermal structure of the planet.

Phase curve: Throughout its orbit the planets phases
changes and day and night-side of planet rotates in and
out of view. This would cause a slight change in the re-
ceived flux from the system and lets us to measure the
albedo of the planet.

. P

<, ® s Figure-1: Three methods of studying the
e exoplantes atmospheres. (Credit: de Mooij E.)

By improvement of the coronagraphy methods, in future
direct imaging would also help us to find more planets
and even characterize the atmospheres of the non-
transiting exoplanets both from ground and space.

Telescopes and missions: Generally on earth we can
have largerand heavier instruments. Using the large tele-
scopes we can collect more light and we can have higher
resolution spectrographs, which are usually very large and
heavy. Obviously the main problem is the destructive af-
fects of Earth’s atmosphere, which we can improve by
Adaptive Optic Systems and data reduction methods.
Space-based observation of exoplanets is increasing very
fast; however ground-based observations have been
more dominant until today.

William Herschel Telescope in La Palma, Very Large
Telescope (VLT) in Atacama desert of Chili and Canada-
France-Hawaii Telescope (CFHT) in Mauna kea - Hawaii
are ground-based telescopes that have contributed the
most to characterization of exoplanets atmospheres.In
addition, surveys such as TrES, OGLE, HATnet, super-
wasp, MASCARA and NGTS are active in the field of find-
ing the transiting exoplanets from the ground.Moreover,
the spectra from some ground-based spectrometer such
as HARPS and HIRES that have been designed for find-
ing planets by the Radial Velocity method could be used
to obtain the light curve of the transits in different wave-
lengths. This would give us some clue about the composi-
tion and scale height of the atmosphere [1]. Also, by using
very high-resolution spectrographs, we can trace the red-
shifts and blueshifts of the absorption lines and by com-
paring them to spectral models we are able to guess the
composition even without the transit [2].

An example from transmission spectroscopy: We in-
tend to analyze presence of Sodium in the atmosphere of
the famous hot Jupiter HD189733b[3]. Sodium is a good
tracer toward higher metallicity composition. HARPS,
which is a high-resolution spectrograph on the 3.6m tele-
scope in La Silla, has provided us with spectra of a full
transit of this planet. We use transmission spectrum
methodto obtain the light curve of the transit. We obtain
the light curvein vicinity of the deep and broad Na | dou-
bletlines (wavelengths589.6 nm to 586.0 num) which are
easily distinguishable and investigate possible existence
of Sodium in atmosphere of this hot Jupiter. If this planet
has Sodium in its atmosphere we expect that the light
curve that we receivein that wavelength is deeper by ap-
proximately a factor of 10 compared to continuum level
of spectra (See figure-2).

Figure-2: The red light curve is the light
curve of the planet in the wavelengths of
continuum and the additional blue depth
is referred to the deeper blue deep ab-
sorption lines in the spectrum, which is
due to more absorption by the planet
atmosphere. (Credit: Haswell C.)
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Detecting Planets Using Transit and

Eclipse Timing Variation Methods

Prof. Nader Haghighipour

(Institute for Astronomy and NASA Astrobiology Institute
University of Hawaii-Manoa)

For centuries, theories of planet formation were guided

exclusively by our solar system. However, the discovery
of planets orbiting other stars (exoplanets) in the past
two decades has demonstrated that nature often pro-
duces planetary systems quite different from our own.
Many of these systems have physical and dynamical
characteristics unlike the planets of our solar system and
not well explained by the current theories of solar system
formation and dynamics. This diversity of planetary sys-
tem architectures (the masses and orbital arrangements
of planets) has confronted astronomers with many new
challenges and reinvigorated the fields of planet forma-
tion and orbital dynamics.

Almost two decades after the discovery of the
first extrasolar planet, and with now over 800 of these
objects discovered and over 3000 candidates identified,
these challenges still continue. On the observational
front, despite breakthroughs such as imaging giant plan-
ets (e.g. HR 8799), a major shift has been made towards
a more challenging task: detecting Earth-sized planets or
super-Earths in the habitable zones of solar-type and
smaller stars. Several large ground-based surveys such
as HARPS, MEarth, M2K, and LCES, have already de-
tected potentially habitable super-Earths and are produc-
ing promising results. The successful operation of the
CoRoT and Kepler space telescopes has also made sig-
nificant contributions by detecting many planets including
the most prominent transiting super-Earth, CoRoT7b as
well as Kepler 9-b&c,the first planetary system detected
by transit timing variation method (TTV), Kepler 16b, the
first circumbinary planet, Kepler 47-b&c, the first cir-
cumbinary planetary system, and Kepler 22b, an Earth-
sized planet in the habitable zone.

On the theoretical front, the challenges are even
larger. Despite more than a decade of work on the forma-
tion and dynamical evolution of extrasolar planets, many
fundamental issues are still unresolved. As in our solar
system, it is not clear how extrasolar giant planets are
formed. Nor is it fully understood how some of these plan-
ets acquired high orbital eccentricities, why some have
very large semimajor axes, and in regard to the formation
of terrestrial/habitable planets, it is not evident how the
migration of giant planets affects the formation of smaller
bodies in those systems. With the discovery of several
super-Earths during the past few years, fundamental theo-
retical work is also underway to understand the interior
dynamics of these bodies, as well as their atmospheres
and magnetic fields, and the connections between these
properties and the habitability of super-Earths and the
possibility of the detection of their biosignatures.

Recent discoveries by the Kepler space telescope
have inspired a second revolution in planet formation the-
ory. In February 2012, the Kepler mission announced over
2,300 planet candidates. Among those are 365 systems
with multiple transiting bodies, increasing the number of
planets in multiple systems by roughly an order of magni-
tude since the beginning of 2011. These candidates in-
clude several entirely unexpected geometries (e.g., Six
very closely spaced planets with five closer to their star
than Mercury is to the Sun, resonant chains involving
three or four-body resonances, planets orbiting binary
stars) that demand new theoretical explanations.

Most of the Kepler planet candidates have radii esti-
mated to be smaller than Neptune, and 207 planet candi-
dates have radii estimated to be less than 1.25 Earth radii,
an area virtually unexplored by previous planet searches.
The smallest planet candidates are of great interest for
determining the frequency of potentially habitable planets.
Planets with sizes between Earth and Neptune represent
a new class of planets known as “super-Earths”. These
objects are particularly interesting as their mass and radii
fall within the ranges that facilitate plate tectonics and ac-
cumulation of moderate-sized atmospheres—two proc-
esses essential for sustaining life on Earth. As such, one
critical goal of exoplanet theory is to understand the tran-
sition from primarily rocky (or icy) planets to planet with
large gaseous atmospheres, as a function of planet’s ra-
dius, mass and orbital separation. While planet sizes are
readily measured by Kepler, understanding their physical
nature requires also to measure their masses, providing
densities and hence constraints on their bulk composition.
For most of the small transiting planets, measuring their
masses and orbits via traditional techniques (e.g., Doppler
measurements of the star's reflex motion) is extraordinar-
ily challenging.
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Fortunately, Kepler has ushered in a powerful new
technique for confirming and measuring the masses of
planets in multiple planet systems, based on precisely
measuring the times of transits and their deviation from a
strict periodicity. This method is sensitive to sub-Earth-
mass planets near mean motion resonances with a lar-
ger transiting planet. Already, Kepler has characterized
at least 15 planets via the method of transit timing varia-
tions (TTVs). This number is expected to grow rapidly
during 2012, since the power of the TTV method grows
rapidly with the increasing time-span of observations,
due to the accumulation of near resonant mutual gravita-
tional perturbations of the planets. Thus, detailed dy-
namical modeling of multiple planet systems will be inti-
mately connected to modeling of planet compositions
and interiors.

Ground-based Doppler velocimetry has discovered
several planets and planetary systems that orbit one star
in a binary (or triple) star system. Now, these systems can
be contrasted with the first detections of planets orbiting a
pair of Sun-like stars (Kepler-16b, Kepler-35b and Kepler-
36b) as well as binaries with spectrally different stars
(Kepler 38b, Kepler 47-b&c). Kepler has identified numer-
ous additional circumbinary planet candidates that are
amenable to Doppler observations and very precise
eclipse and transit timing analyses. It is anticipated that
these planets will provide some of the most precisely
known masses and radii for testing planet interior models.
They also provide complimentary constraints on the the-
ory of planet formation in binary star systems. The future
holds an explosion of research associated with the discov-
ery of circumbinary planets, especially modeling their inte-
riors, formation, and habitability.

Prof. Nader Haghighipour is a researcher at the University of Hawaii specializing in habitability and life in extrasolar
planetary systems, formation of planetesimals around gas-density structures, water deliver to the terrestrial planets,

and origin and dynamics of Jupiter's irregular satellites.
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