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The First IOTA/ME and ISA Astronomy Academy

I0TA/ME

The first course of astronomy academy held by IOTA/ME in cooperation with Iranian Space
Agency was from 7-9" of March. The place of the astronomy academy was the Iran space
agency observatory, Mahdasht, Iran. Thirteen participants from different cities of Iran joined
this 3 days event. In this course the lectures were given by Atila Poro (president of IOTA-ME),
Koorosh Rokni (astronomy expert of Iran apace agency) and Somayeh Zahabi (Ms. of astro-
physics, a member of IOTA/ME academic group).

During this course the participants received hands-on training to work with a 16 inch telescope
and a CCD SBIG 1000M. Additionally they carried out two successful small projects.

From now on, the astronomy academy course by IOTA/ME would be held twice per year, in
winter and summer, to provide the opportunity for interested people both to learn how to work
with astronomical devices and to learn how to conduct a small scientific astronomical project.

Translation: Dr. Marjan Zakerin
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Reports

ref Observer

01
02
03
04
05
06
07
08
09
10
11
12
13
14

Kashan-Iran

Birjand-Iran

Negative observations of (308) Polyxo
Occultation in Iran because of Clouds!
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Star No. y/m/d hms
Bagheri_Soltaniy S 109700 2013/2/14 15 33 29
Bagheri_Soltaniy R 173 2013/2/14 17 21 10

Bagheri_Soltaniy S 109700 2013/2/14 15 33 29

F.Dadvar R 173 2013/2/14 17 21 10
F.Dadvar S 109700 2013/2/14 1533 29
H.Hekmatzade @ R 3518 2013/1/16 17 57 31.0

R 3455 2013/2/12 1514 37.6
H.Hekmat'zade S 109161 2013/2/13 16 49 8.8
H.Hekmatzade R 39 2013/2/13 1534 11.9
S 94031 2013/2/18 2040 27.5
R 1623 2013/2/26 17 22 33.2
173 2013/2/14 17 18 51.25

H.Hekmat'zade

H.Hekmat'zade
H.Hekmat'zade

Narges Taebjoola R

Narges Taebjoola R 3455 2013/2/12 15 14 39.58
173 2013/2/14 17 23 37.78

F.Tavakkoli R

O-C Aperture(cm) Longitude

2.23
2.06
2.23
2.06
2.23
0.02
-0.69
-0.28
0.08
2.81
1.70
3.15
-0.54
-0.45

+ 51 26 15.
+ 51 26 15.
+ 51 26 15.
+ 51 26 15.
+ 51 26 15.
+48 24 42.8
+482442.8
+482442.8
+48 24 42.8
+48 24 42.8
+ 48 24 42.8
+ 48 24 49.
+ 48 24 49.
+ 50 40 27.2

Latitude

+32 29 34.
+32 29 34.
+32 29 34.
+32 29 34.
+32 29 34.
+32 23 25.2
+32 23 25.2
+32 23 25.2
+32 23 25.2
+32 23 25.2
+32 23 25.2
+32 22 8.
+32 22 8.
+33 59 27.5

Alt(m)

1688
1688
1688
1688
1688
144
144
144
144
144
144
131
131
1528

H.Hekmat'zade N.Taebjoola F.Bagheri

F.Tavakkoli

F.Dadvar

M.Soltaniyan
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Times of minima and New Light Curves of GSC 00144-03031

The observations of a DST star, GSC 00144-03031 was The times of minima was obtained:

made in March 2013 at ISl observatory in Iran (near -

Mahdasht City). The principal instrument was the 40 cm Filter v

Smith-Cassegrain telescope and a CCD SBIG 11000M. Min 1 2456360.235103 | Std Error:0.000433189
Observatory is longitude and latitude are 50 47" 08.77" Min 2 2456360.294184 Std Error: 0.000193051
East and 35 45' 52.73” North, respectively. Period 0.059081 Day

Light curves of the DST GSC 00144-03031 star are pre-

sented for B and V filters. The star GSC 001440-2970 Filter B

was used as the comparison star. Also, The star GSC Min 1 2456360.234440 Std Error: 0.000362425
00144-02971 was refrence star. Min2 | 2456360.293865 | Std Error: 0.000180207
Magnitude of variable star: 9.93-10.36 Period 0.059081 Day

Delta magnitude of variable star: 0.43
Magnitude of comparison star in filter V: 10.71
Magnitude of ref star in filter V: 10.39
Magnitude of ref star in filter B: 10.78

GSC 00144-03031, Filter v

09 A
0. 4 4 s
-0.7 4 *s

0.6

05

-0.4
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Abstract presentation in the second meeting of the IOTA-TECH

Lael axelo gz and cpl 1008 135 0 olnl olad Glosle Joe 50 1391 ol axand 21 5,6 40 (IOTA-TECH) (sogos Slgol o5 § il 09,515 adr (yango
WS g 09,5l 53 Clad (gl 995 (3l Slegdge 9 b Jligrgn Al 4

pos i)l 50,518 0 BL pie) (5, 555 uaige (IOTA-TECH o5 515 ) (55500 )1 wasgs (IOTAIME sl ) 550 MsT (LT ad ol 5o
AL gl 00l pids Loy s T 5 g pr (Bgsles (s sSms (B9 (e (S35 sl e eizmet 3 (Ol 2l sl

a3l o5 g lgal giS cagaws slozls bl ol 51,3 g ol o 5111391 ols g0 51 Lo, (IOTA-TECH) sogs Slgol (58 5wl 09,515 slo cudlad
29 4d)e g (Plyb celia

W0 g 59 i gglaw vigo

S. Boroumand

Spge an ol L5 aS 35l e AU (geSls 4 oeSls SI3L, o3
ol Gl il b losSuls 45 cnl ogl J 508 albl, S b g Sibegsl
5 i slaol o Elymis Sz bl sl booy] Sliagas d) s axlyo
05 o Sl sl 5| il gl anily iy 1, aome clilezel
OS5 s leeSlls 5l g cpl cailanwlis aiws cole o jo b g asjls se>g

5550555 5l ooliml .ol o5 Loy il i3l sl L5 3,50 o wlin 5 0582
s i it sl o590 55 LEedMS o Los 4 LWFPGA Wil s
IOTA-TECH 5 el il S oo sl IOTA/ME (sl o355 10 1, sao

A robotic telescope is a telescope that can make observa-
tions without hands- on human control. It's low level be-
haviour is automatic and computer-controlled. There have
been many challenges for these types of telescopes.
Their instruments must support temperature variations,
high altitude winds, and other environmental disturbances.
Some robotic telescopes already exist or others are under
construction.

Unfortunately, these types of telescopes are expensive
and there are some limitations for reaching resources.
Using high technologies such as FPGA with innovations
on unprecedented projects is playing significant role in
IOTA/ME, So IOTA/ME team (IOTA-TECH) tries to make
and developing these types of telescopes in Iran.
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The reporting of the instant of contacts, disappearance Q
and appearance of the subjects isthe most significant SR ol griigo 'y

thing in an occultation observation. Therefore, utilizing
accurate observation methods in occultation becomes
necessary.

Unfortunately, video observations which are more accu-
rate than visual observations have some drawbacks. The
need IOTA peripheral hardware in the video observa-
tions not only increases the cost of observation but also Sas oS oo Sloml g5dge (il 0Bl (o (o5 GlaliiSl wo) o IS
restricts access to such hardware for observers. o, Uiy, ailawlie 0e eolitul ladus ) 435Sl j3 EBs g, sla s,
Hence, video observations do not use chiefly and also
have not gained publicity. ,
A novel method to improve the video observation was Leis 45 (o5idg doy (sl oad (b 158l C @ LS ail e SIS
suggested in the last IOTA-ME session. This method is o e Cgdgidzme Ay o a8l Wad so iali8l (ogam Ul ws) aise
going to ellmlna_te need to pe_rlpheral har(_jware \_Nhlch 0555 L5 15 00 Epagar 3ado hsy ooal 45 sl b (e 4 055
leads to decreasing of observation cost and increasing of o L
accessibility. Moreover, this method will able to recog- Sy S sl sy (JOTATECH) (ogoss 2yl 205 5 5L
nize contacts, disappearance and appearance of sub- S d ks (o9 By bogh e el &5 wl Slpiin 28y e,
jects automatically and record the times. e alS g0k Gl 4 1) (o yiwd Cudgame g doy Al oduzy 58]

Amir Azizi
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Robotic Telescope is a set of hardware which needs soft-
ware to best communicate and control all components. As o gSeno i g i
the software was characterized by proprietary design and
could not be used by any other robotic telescopes in past,
standards such as ATIS (Automatic Telescope Instruction
Set), ASCOM (Astronomy Component Object Model) and
RTML (Remote Telescope Markup Language) were de-
signed and based on the hardware, the programming lan- Sy Blijl sly coled 0 o5 cunlafiSlecin l slaegare Sk ooSids
guage and the proper operating system, one of these stan- 3 oad (>l slalile 5 4l Lo 4 asbie 380 5 4 5l o] sl &S
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Nowadays, the modular archi- ATIS (Automatic Telescope Instruction las juteu wss
tecture is one of the best and s ASCOM (Astronomy Component Object Model) .Set)

most appropr_iat_e options f_or « us =1, RTML (Remote Telescope Markup Language)
software designing and with

increasing advancement of
hardware and more precise
and better control of telescope,
Linux with its open-source core
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Optical Coating to Increase Telescopes Efficiency

If we want to observe an occultation and do timing
we would need accurate telescopes. As we know, all tele-
scopes are not appropriate to observe occultations and
timing, for these purposes we need accurate equip-
ments. All telescopes work with the entry light and we
know mirrors and lenses are the most important parts of a
telescope. One of the latest researches is based on solid
state physics. Its shown that we can use solid state phys-
ics to increase the efficiency of telescopes. One of many
uses of solid state physics is coating thin films on surface
of materials and it can be used in different industrials
such as mechanics, microelectronics and applied optics.
To coat layers we put ingredients on surface of the mate-
rial and use the heat of a torch to coat the target. We all
know the law of reflection: the angle between the incident
ray and the normal line is equal to the angle between re-
flected ray and the normal line its obvious that lenses
wont cross the light entirely, always some of the light
would be reflected, the more that the lens crosses the
light the more useful it would be. So to increase
the efficiency of lenses we can use a certain method
names (optical coating).

Optical coating could be used for two purposes:

1- Increasing the reflecting Percentage of mirrors
(Reflection Coating)

2- Minimizing the reflecting percentage of
(Antireflection Coating)

The researches have shown that many materials could
be used for optical coatings but the best materials for this
purposes would be (MgF2) and (ZnS) planting this mate-
rials could produce devastating effects on the reflected
rays and minimize the reflecting percentage in result
there are two methods for optical coating:

1-The single layer coating method

2-The multi layer coating method

The Multi layer coating method is more accurate to re-
duce the reflecting percentage and since lenses are the
most important elements of telescopes. The Multi
layer coating method would be the better way.

lenses

This team work is for IOTA/ME (IOTA-TECH Depart-
ment which is presented as proposal.
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GPS-ABC, A GPS based precision clock and occultation timer

GPS-ABC is a small portable timing device designed to
provide a highly accurate time-base in a manner appropri-
ate to support the visual occultation observer.

At the heart of
GPS-ABC is a
small (3cm X
3cm) GPS re-|p
ceiver that has|
NMEA serial data |
and lpps outputs.
This enables Uni- "~
versal Time (UT) . : -
to be displayed that has been tested to be accurate at
least +/- 0.001 seconds.

At the front is an 8 character 7-Segment LED array that
displays HH:MM:SS UT as well as the number of satellites
in the GPS fix. There is also a 1pps LED that could be
utilised as a basis for video based observations.

There is a piezo buzzer that makes a clear and precise
time-beep that is coded to allow the time to be heard and
recorded along with the voice announcements of the ob-
server’. The method of analysis of an audio recording is
explained in my article that appeared in IOTA-ME News-
letter number 14.

However, GPS-ABC is not a
device you can buy in a
shop. It is a device that is
comprised of many compo-
nents purchased from vari- |
ous places. Then the device
is assembled using simple
hand tools, a soldering iron
and superglue.

Assembling a GPS-ABC would be a difficult task for some-
one not skilled in such work, however if a person within
IOTA-ME with the required skill were to make a device,
they could then pass on that knowledge to others.

Perhaps an IOTA-ME workshop could be devoted to the
assembly of GPS-ABCs, so all attendees could assemble
their own device under the guidance.

Here in Australia, many components are purchased on-
line and are delivered by post or purchased from local
electronics hobby shops.

The challenge for IOTA-ME observers wishing to obtain
their own GPS-ABC is to find a method to acquire the
three major components. They are;

a) The GPS receiver is a USGobalSAT? EM-406A. There
are many dealers world-wide and the eXpansys dealer in
United Arab Emirates® is but one. The price at the time of
writing is AED 97.99.

b) The Processor Board is an Arduino® MEGA 1280.
There are many cheaper clones available, the DFRobot
Megal280 (Product DFRO0003) is but one. The price at
the time of writing is 14.8 Euro.

c) The 7-Segment LED Serial Arrays are made by Spark-
fun and are part number COM-09767. There are many
Sparkfun dealers around the world. The price of the ar-
rays are US$16 and two are required.

The rest of the components are simple resistors, diodes,
switches and a piezo buzzer. You will also need a plas-
tic case to house everything.

Once all the electronics is assembles and inspected (to
avoid mistakes), the GPS-ABC code is uploaded to the
device via the USB port. The device is then taken outside
to acquire a GPS fix which should only take a minute or
two, and the device will start operating immediately, and
provided the A-OK LED is illuminated, the time will be ac-
curate to +/-0.001 seconds UT. This device will provide
the best possible time-base on which to base your obser-
vations. If you have any questions, please email Dave at
dave4gee@yahoo.com.au

Notes

1) The online home of GPS-ABC:
www.kuriwaobservatory.com/GPS-ABC.html

2) An occultation recording:
www.kuriwaobservatory.com/images/GPS-ABC-
GrazeAudio.mp3

3) USGlobalSAT website: http://www.usglobalsat.com

4) Expansys UAE:
http://www.expansys.ae/s.aspx?search=globalsat

5) Arduino Micro Processor Boards:
http://www.arduino.cc/

6) DFRobot: http://www.dfrobot.com
7) Sparkfun: http://mww.sparkfun.com/
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Who is Dave Gault?

| became interested in Astronomy in 1995 after attend-
ing an evening course with Roger North of Kings Table-
land Observatory. In 1996 | joined Western Sydney
Amateur Astronomy Group (WSAAG) and served on
the committee for 7 years, 5 years as Secretary. | be-
came interested in Lunar and Minor Planet Occultations
in about 1999 when | observed my first Lunar Occulta-
tion of Delta2 Tauri. | was so impressed with the drama
of the event | wrote and submitted an article to Sky and
Telescope. This was accepted and published in the
January 2000 issue (Page 116).

My back yard observatory is known as Kuriwa Observatory - MPC E28

I have observed many lunar total occultations as well as 34 grazing lunar occultations. | have observed 48
positive minor planet occultations and have submitted the reports to the International Occultation Timing As-
sociation (IOTA). | have also observed two stellar occultations by Pluto (2006 and 2008) that were observed
from The Blue Mountains and the data used by Bruno Sicardy (Observatoire de Paris) to aid in his ongoing
studies of Pluto’s atmospheric pressure and temperature. | am listed as co-author to 5 papers, the latest
published by the Astronomical Journal. | am always in the hope of encouraging others to become active in the
Observations of Occultations.

Web site: http://kuriwaobservatory.com

Just Who Is Tony Barry?

Tony Barry is a biomedical technician who has been
working in medical research for the past nine years. He
holds an Electrician's ticket, an advanced diploma in
electrical engineering, a BSc, and is currently studying
for a master's in electrical engineering.

He has been a member of the Western Sydney Ama-
teur Astronomy Group for three years and has begun §
occultation observing in the last nine months under the
tutelage of Dave Gault and Hristo Pavlov. '

He is married, has a tween daughter, lives in Western
Sydney, drinks tea to excess, and hopes one day to be
an astronaut. Since he is on the wrong side of fifty, He B8
better get moving!
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Detection and characterization of extrasolar planets (2)

Photometric detections

Stellar photometry provides two main ways to detect ex-
trasolar planets, one related to a relativistic effect, the
other to a simple geometrical configuration.

Gravitational microlensing

In 1936, Einstein computed the gravitational lensing effect
caused by the alignment of a far away source star, the
observer and a star in between acting as a gravitational
lens bending the light coming from the source star. The
observer will perceive a ring of light (the so-called Einstein
ring) as the source, if the source, the lens and the ob-
server are all three perfectly aligned; otherwise, he will
register an amplification of the source light which can be
very large depending on the “perfection” of the alignment
(a factor of 100 has already been observed). Since the
lens is moving, the observer will see an increasing amplifi-
cation followed by a decreasing one, symmetrically with
respect to a maximum, kind of a Gaussian curve perfectly
well calculable if the source and the lens are supposed to
be point-like.

If furthermore there is a planet orbiting the lens star, in
certain geometrical configurations either caustic effects or
an additional amplification superposed to the main one is
produced. The challenge is then to follow as precisely as
possible the main amplification due to the lens, which
lasts weeks or months, in order to record the secondary
planetary amplification, which lasts only hours. As of No-
vember 2012, sixteen planets have been detected through
microlensing.

To summarize, without any photons from the lens system,
the microlensing approach can reach terrestrial planets;
however, follow-up is yet impossible. The probability to
have an alignment of the three points is of the order of 10°
" or so. Therefore, million of stars have to be surveyed,
which opens the possibility of statistical studies in distant
(several kpc) regions of the Galaxy for which the sensitiv-
ity of the method is the best. A recent such study tends to
suggest that stars orbited by planets are a rule, rather
than an exception. Several projects are presently search-
ing for microlensing events in order to alert worldwide net-
works of photometric telescopes to precisely register
planetary amplifications.

Occultation or transit

If the Earth is more or less in the plane of the orbit of an
exoplanet around its parent star, it can be possible to
observe the passage of the planet in front of the star.
Assuming random orientation of the orbit, the probability
to observe such a planetary transit is close to the ratio of
the stellar radius over the distance between the star and
the planet. For instance, for a far-away observer the
probability to observe a transit of Mercury in front of the
Sun is about 1 % (planetary periods of the order of 100
days), while it drops down to 0.1 % for Jupiter (planetary
periods of the order of 10 years).

The small occultation of the stellar light during the transit
(which can last few hours) depends of course upon the
radii of the star and the planet. For example, the de-
crease of the solar flux during a Jupiter transit would be
of the order of 1 %, which is quite easily detectable. The
shape of the transit curve depends also upon the homo-
geneity of the stellar flux over the stellar disk; in general,
it is affected by the limb darkening effect which rounds
both the ingress and the egress of the transit photometric
profile.

The first confirmed planetary transit was the one of the
extrasolar planet HD 209458 b, also named Osiris, re-
corded with a small aperture ground-based telescope in
1999 (~ 1.4 % absorption depth), and accurately studied
afterwards with the Hubble Space Telescope (HST). The
measured radius is 1.4 jovian radius. This hot Jupiter has
a period of 3.5247542 +/- 0.0000004 days, or a semi-
major axis of 6.7 million km (Mercury is 8.6 times farther
away from the Sun). It was discovered by radial velocity
searches and has a mass of 0.699 +/- 0.007 Jupiter
mass. Combining mass and radius, one obtains an aver-
age density of 0.34 g.cm™. This was the definitive proof
that Osiris is indeed a gaseous giant. As of November
2012, 289 exoplanets are transiting, as seen from the
Earth. Amongst several on-going transit surveys both
ground- and space-based, one must mention the French
CoRoT satellite (in operation since 2007), which has al-
ready announced about 25 confirmed transiting planets,
and the NASA KEPLER mission since 2009, which has
identified more than 2200 candidates transiting planets of
which about 70 have been confirmed.
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To summarize, transits provide several parameters includ-
ing a crucial one — the radius of the planet — which allows
thus a better characterization of exoplanets. Precise light
curves can also allow the detection of planetary phases,
of gravitational modulation due to the stellar shape, of ac-
tivity induced by stellar spots, of planetary satellites, rings
or companions (through shape and timing of transits).

Exoplanetary systems

As of November 2012, 850 extrasolar planets are known
in 669 planetary systems and 126 multiple planet sys-
tems. 497 of these planets have been detected by radial
velocity, 288 of them being transiting their parent star; 16
were detected through microlensing; 31 by direct imagery,
and 17 by timing (an extrasolar planets encyclopaedia can
be found at the URL: www.exoplanet.eu). Since lots of
photons are required to reach the needed accuracy, up to
now only stars in the solar neighbourhood are monitored
(except with microlensing). But if one extrapolates the pre-
sent results to the whole Milky Way, several hundreds of
millions of Jupiters should exist. Moreover, statistical stud-
ies tend to suggest planets around almost every star.

Some properties

The mass distribution of the 850 exoplanets peaks around
one Jupiter mass. However, that results from an initial in-
strumental bias which makes larger masses easier to de-
tect. Also, shortest periods were of course first detected
(about 20 % or so are hot and very hot Jupiters); but
longer periods more comparable to those in our solar Sys-
tem are more and more common, the number of planets
increasing with period (for periods > 100 days). As a mat-
ter of fact, there is an extreme diversity in the orbital pa-
rameters (period, semi-major axis, eccentricity). Neverthe-
less, some possible trends seem to be present: fewer
massive planets (> 2 jovian masses) at short periods (<
100 days); fewer planets between 10 and 100 days; fewer
planets less massive than Jupiter at periods > 100 days;
some accumulation of planets at short periods (3 - 10
days). Contrary to the solar System, extreme eccentrici-
ties are known (up to 0.93), yet unexplained. Also, the
absence in the solar System of planets intermediate be-
tween telluric and Neptunian ones seems to be an excep-
tion.

Another particular, poorly understood, observational fact
concerns the host stars. The distribution of planets as a
function of the metallicity (abundance of elements heavier
than hydrogen and helium) of host stars peaks at positive
values, i.e. stars harboring planets have, on average, a
metal content higher than the one found in stars without
detected companions. This planet-metallicity correlation
seems consistent with the conventional giant planet for-
mation scenario:

protoplanetary core accretion (up to roughly 10 Earth
masses) followed by gas accretion onto the core.

The mass-radius relation

Knowing both planetary sizes provided by photometric
transit measurements and planetary masses given by e.g.
radial velocities, one has access to the planetary densities
and thus to information on the interior structure of the
planets, and ultimately on their formation process. Even if
the measured sizes are roughly in agreement with theo-
retical predictions, there is some scatter, in particular
Osiris which has an anomalously larger radius. Indeed,
the quite recent identification of a star with a planetary
size indicates we are on the way to link the mass-radius
relation for giant planets to the one for stars. Neverthe-
less, the planetary and stellar formation processes are
radically different.

Secondary transit

For transiting planets, the light emitted by the planets
themselves can be identified during the secondary transit,
i.e. when planets are passing behind their stars (as seen
from the Earth), in the opposite location of the primary
eclipse. When the planet is next to its parent star, the flux
of the system is coming from both the star and the planet;
when the planet is hidden by the star, the observed flux is
from the star alone; then, by substraction one registers
the planetary thermal emission. This has been done for
few hot Jupiters in three different infrared bands by the
Spitzer Space Telescope. It is then possible to derive the
effective temperature of the planet itself and its albedo.
Temperatures above 1000 K are inferred, even ~1150 K
for Osiris. Furthermore, the day/night modulation of the
infrared (24 pm) brightness of one exoplanet has been
recorded.

Spectroscopic transits

A most promising technique is transmission spectroscopy,
i.e. identification of planetary atmospheric signatures as
additional absorptions in the stellar spectrum during a
transit. The planet will appear larger when observed at a
wavelength strongly absorbed by its atmosphere.

Osiris

The first detection of an extrasolar planet atmosphere was
performed soon after the discovery of the transit of Osiris:
using very high precision spectro-photometric HST data,
an additional absorption of (2.32 +/- 0.57)10 in the neu-
tral sodium doublet at 589 nm was measured, less than
predicted.
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Still with HST, the Osiris atmosphere was also detected in
three other species: neutral hydrogen and oxygen, and
singly ionized carbon, against stellar emission lines in the
far-ultraviolet. The first surprise came from the additional
absorption measured in H | : 15 +/- 4 %, which corre-
sponds to an hydrogen cloud more extended than the
Roche lobe of the planet (a cloud with a Roche lobe size
would have produced 10 % absorption depth). In this ex-
tended exosphere, H | atoms are seen at radial velocities
exceeding 100 km.s®. Both facts — atoms beyond the
Roche lobe and beyond the planetary escape velocity of
54 km.s™ — prove that hydrogen is escaping the planet.
Osiris is thus loosing mass; it is evaporating ! In order to
produce such a large transit signature, numerical simula-
tions show that a mass-loss rate of at least 10®° g.s* is
needed. This is in agreement with theoretical modelling of
the upper atmosphere structure when taking into account
tidal forces and heating by UV and extreme-UV radiations.
But another surprise was the detection of O | and C Il also
in the upper atmosphere, producing roughly 10 % addi-
tional absorption. The mere presence of these heavier
elements indicates that the atmosphere is not under the
regime of Jeans escape, but is hydrodynamically escaping
in a "blow-off" state. Through the evaluation of the total
density at the level of the Roche lobe (~ 10° cm™), the es-
cape rate can be independently estimated around 10% g.s
1 in agreement with the value derived from the H | obser-
vations. More recent observations of Osiris, again with
HST, have revealed i) the presence of several layers of
sodium, ii) the Rayleigh diffusion by molecular hydrogen,
and iii) very likely the presence of vanadium and titanium
oxides. Sodium is less abundant at high altitude because
of its ionization by the stellar radiations or its condensation
into molecules. This is the first time that variations in com-
position are detected in an exoplanet. Thanks to the
Rayleigh diffusion, a temperature and pressure profiles as
a function of altitude have been obtained.
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At low altitude, temperature should be above 1700 C; then
it seems to decrease below 500 C, allowing thus sodium
condensation; in a higher stratospheric layer, temperature
increases again. Last, again through transmission spec-
troscopy in the infrared with Spitzer, molecules are ac-
tively searched for; in particular water, carbon monoxide,
perhaps methane... seem to have been identified in the
atmosphere of another transiting exoplanet.

Evaporation of hot Jupiters

The evaporation phenomenon can modify the evolution of
hot Jupiters. From the computation of the escape rate as
a function of mass and orbital period, it turns out that even
very hot Jupiters can be stable against evaporation if they
are massive enough. However, those with a period shorter
than about three days and less massive than about 0.5
jovian mass can be substantially modified by evaporation.
If true, most of the planetary atmosphere should disap-
pear on a timescale shorter than the star life time, leaving
a remaining rocky central core of roughly 10 Earth
masses, perhaps with a "boiling" lava surface similar to
the one of lo in the solar System. These putative bodies,
remnants from evaporated hot Jupiters, might form a new
class of planets, still to be observed. It is interesting to
note that few exoplanets are at the mass-period location
predicted for evaporation-modified planets. A very recent
detection with HST of the evaporation of a transiting hot-
Jupiter has for the first time revealed temporal variability in
the atmospheric escape of H I. By chance, eight hours
before the observation of this variability, an X-ray flare
from the active parent star has been recorded with the
Swift/XRT satellite.
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This provides the first indication of interaction between
the exoplanet's atmosphere and stellar variations, the
beginning of space meteorology in an extrasolar plane-
tary system.

Concluding remarks

The extrasolar planets field of research is moving forward
extremely rapidly, both observationally and theoretically.
The number of exoplanets newly detected every year is
steadily increasing in pace with both the instrumental ac-
curacy improvements and the number of teams involved
worldwide. The extrasolar planets encyclopaedia is listing
not less than 90 ground-based extrasolar planets global
searches in the world and 29 space-based searches
(both ongoing programmes and futures projects)! Pres-
ently, the radial velocity method is the most efficient one
thanks mainly to the HARPS spectrograph attached to
the ESO 3.6 m telescope at La Silla in Chile, which can
now achieve a precision of the order of few tens of cm.s™,
and to SOPHIE, a kind of a clone of HARPS, which is
installed at the OHP 1.9 m telescope. The quest for Earth
-mass exoplanets is competitively ongoing,
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presently at the advantage of a famous team from Switzer-
land (detection of a Centauri b). Photometric methods
have also the potential of detecting Earth-like planets, es-
pecially the KEPLER mission and Dome C in Antarctica
which is a promising site.

Nevertheless, it is the planetary transits and more specifi-
cally transmission spectroscopy which presently offer a
first direct vision of extrasolar planets, because of their
unprecedented capabilities to probe the characteristics
and environment of these planets. Obviously, the ultimate
exciting milestone will be the identification of extraterres-
trial life, in order to answer the age-old question of human-
kind: are we alone in the Universe? A first step has been
the detection of about seven exoplanets located within the
habitable zone of their parent stars, i.e. the zone where
water could be liquid at the planet's surface (if it is pre-
sent!). The future step, still beyond the present technology,
will be to identify bio-signatures in spectra of exoplanets.
Today, it is thought that the simultaneous identification of
water, carbon di-oxyde and ozone signatures could not be
explained without photosynthesis processes, therefore life
as we know it on the Earth; but this is a huge challenge.
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