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= definice neexistuje ...

e neoficialni definice:

» obiha kolem hvézdy nebo vicenasobného hvézdného systému — eliminace free-floating
planet-mass objekt(

» neobih& kolem dalSi planety
e minimalni hmotnost 1022 kg

» maximalni hmotnost 13 M, , (msini < 13 M)

Jup

e 1992 Wolszczan a Frail — PSR B1257+12 (vznik planet v okoli pulzaru ??)
e 1995 Mayor & Quelez — 51 Peg b (cca 400 do dneSniho dne)
e 2000 Charbonneau; Henry — prvni tranzit, HD 20945 b (62)

® 2008 velké mnozZstvi pozorovatell
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e 2000 Charbonneau; Henry — prvni tranzit, HD 20945 b (62)

... 2008 velké mnoZstvi pozorovatell
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Table 3. Typical values of observables for Jupiter-like and Earth-like planets
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ohservable Jupiter Earth

angular separation 0v's 01
brightness contrast at visible AM 6= 1077 LTS 1
brightness contrast at 10pm 1.5 x 1077 1.2 x 1077

_R* 2 H‘P ~ i astrometric amplitude 00 pas 0.3 pas

gy

Sspqpipg jisupuag j2upjdoxgy

Ptrans =
(1 radial-velocity amplitude 13ms™? D.lms™"

BuimolBl AjsnonuUuijus =

transit probability 153 5x 1077

P , V""[H, - Rp)? —a?cos?§ transit depth 1% 1073
fz = — alcsin

transit duration 30h 13h

timing residuals 2.0s 1.5 1ms=

FEZD OIS -"IDASS

The host star is assumed to be a Sun twin at a distance of 10 pc

i = ArCeos \’
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® velké mnoZstvi pozorovatell ... co délat s daty ???

— spusténa pro verejnost

Inspirace ...

* NASA/IPAC/NExScI Star and Exoplanet Database (NStED)

® Amateur Exoplanet Archive (AXA)
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e transit predictions
e model-fit your data

e O-C gates

HD189733 b Exoplanet Trans
M = 53955.50336 + 2.2185733 % E

HD189733 b

JOmid: 5.39837

ETD - Exoplanet Transit Database

Announce us paper with transits | How to contribute to ETD | Model-fit your data | Transit predictions

Your LONGITUDE (in deg): 13

Your LATITUDE {in deg): [49.6 |20° - 0° - -20°

a° - 350°

submit |

Available predictions: (UT evening date)

2008.11. 03, 04, 05, 0, 07, 08, 09, 10, 11, 12, 13, 14, 15, 16, 17, 18,18, 20, 21, 22, 23, 24, 25, 26,

27,28, 28, 30,
2008-12- 01, 02, 03, 04

Transits predictions for LONGITUDE: 18° and LATITUDE: 49.5%

BEGIN

CENTER END D ¥ DEPTH Elements

(UT/h,A) (DD.MM.UTfh,A) (UTfh,A) (min) {MAG) (MAG) Coords

HD189733 b 1735

510,50

14.11. 18:30 19:25 108.6  7.67 0,028 53983.80336+2.2185733%E

o o RA: 20 00 43
CEA e DE: +2242 29

18:18
529 N

14.11. 19:3 19:48 S3957.6358+2,470621%E

R 1907 14
LRl GREIIL DE: +49 12 59

17:53
38%,W

14.11. 19:41 21:29 . S4230.9053+3.553945%E
RA: 17 53 13.05
220,Nw ERGLL DE: +37 12 42.8

CoRoTExo4 b 21:58

z0°,5E

15.11, 0:11 2123 . S54141,36416+9.20205%E
R 06 48 46,67
G58:SE nE DE: -00 40 22,2

CoRoTExol b

—160 ) 140 200
EPOCH  (years 2005 - 2008, 36 records)

i
37,8

15.11. 4:4 Si14 . 54159.4532+1.5089557%E

Ré: 06 45 19,17
31%,5W 23%,5W DE: -03 06 07.78

HD209458 b 19:47

Peg 46°,5W

15.11. 21:19 22:51 . S52826.628521+3.52474859%E

o o Ré&: 22 03 10
32°,W 17, DE: +18 53 04

Showing transits only more then 20 degrees above harizont in time of midtransit and sun more then 10
degrees bellow horizont for your observing place (LOMGITUDE: 18° and LATITUDE: 49.59

asoqo[:m:::ad'ﬂsuou_ j2upjdoxgy
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 cca meésicni predpoved’ pro libovolné misto na svété

ETD - Exoplanet Transit Database

Announce us paper with transits | How to contribute to ETD | Model-fit your data | Transit predictions

Tour ELOMGITUDE {in deg): 15 a0 - 2500 I
| submit |

Your LATITUCE {in deg): (S0 2g° - @ - -g0°

Available predictions: (UT evening date)

200904-07 03,09, 10, 11,12, 13, 14,15, 16, 17,18, 19, 20, 21, 22 23, 24, 25 26, 27, 28, 29, 30,
200905-01,02 03,04, 05, 06,07, 08,

Transits predictions for ELONGITUDE: 15" and LATITUDE: 50°

BEGIN CENTER END D v DEPTH Elements
{UT/h,A) (DD.MM.UT/h,A} (UT/h,A} (min} (MAG) (MAG) Coords

06 15.04. 2:13 4:19 253 11.2 0.00a8 212‘;%-3119554?'*3-2055535*'5
Boo 75°,SE 70°,5W 50°, W DE: +36 13 46.7

22:35 16.04. 23:20 0:5 a0 1141  0.018 gi?ﬁi;-%§5184+2-4?0621*E
Ora  38%,ME 44°,NE 50°,ME DE: +49 18 59

gy

Showing transits only mare then 20 degrees above horizant in time of midtransit and sun more then 10
degrees bellow harizant for your observing place (ELONGITUDE: 15° and LATITUDE: 507

Credit & Contact

QLII/TD OISO IDAS )
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rocni predpovéed’

HD17156 b {Cas)

R& [J2000) 0F 49 44, DE (J2000): +71 45 12,
d'' = 0,008 may, duration = 192.6 minutes
63d, TO(HJD) = 245445969987

Tmid (HID}

2454841.599

2454905.249
24540926.466

B cis55032.549

2455117.415
2435138.632

Transits predictions for NEXT 365 days.
LONGITUDE: 15° and LATITUDE: 50°

| | Dhservable.

BEGIN {UT/h,A) CENTER (DD.MM. UT/h,A) END {UT/h,A)

10,01 046 N ) 10.01. 2:22{40°,N} 10001 3:59(2

. L F158(58°,NW) 14,05 19:35(50% 8w
. 23:10(34°,M) 05.04 0:

L L1m(53°,ME) 20,07 2:46(60°,ME)

12,10 20:2 = HE) 12.10. 21:58{64°,NE}
0311 1:3 i) O03.11. 3 10({56%, NW) 0311 4:46(

QLIS ED OIS aD Al Ffodgay
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(uploading and processing the light curves to the database)

Predpokladame:

N diff. magnitud m;, ziskanych v Case ¢ a chyba o, (z Poisson stat. a read-out Sumu)

ETD - Exoplanet Transit Database

Announce us paper with transits | How to contribute to ETD | Model-fit your data | Transit predictions

stepl /5

INSTRUCTION: In the first step, jus ect an exoplanet and load data file with observation. Also

select if data are in geocentric or heliocentric JD and specify, if brightness is given in MAG or FLUX.

Choose exoplanet

Data file with observation:
Reguired 3 columns: 10, MAG, ERROR. Other columns are
ignored. Columns must be separated by space or TAS.

1D format:

Brightness column:

[ % I % T R T % TR % T % b

CoRoT-1b  Mon =

I Prochazet... |

O geocentric " heliocentric

“ in magnitudes " in flux

Continue = |

.oo1vw
0.0017
o017
0.0017
o017y

s BUlMoIl AISNONDUIIUSD " SDRDIMDIIO M o |duwoe D " . G l 3
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our model

m“t'..] =A—-25 IDE{ F[TE[IE, fﬂ,D._ b]-..ll Gy )=k B“t’ T En‘u:.m .] + C[TI!- = 1L|Tu:.1n.]2

& alL3a

* F(z, p, c,)is a relative flux decrease from the star due to the transiting planet.

» star and planet are limb darkened and dark disks, radius ratio p=R,/R, ( p<0.2)

 the projected relative separation of the planet from the star is z

» linear limb darkening law with coefficient ¢,

e A, Band C describe systematic trends in the data and the zero-point shift of the magnitudes

o j o) s oD

e Mandel, K., Agol, E. 2002, ApJ, 580, 171 — Analytic light curves for planetary transit searches
» occultsmall routine as our F (z, p, ¢,)

AP |

fitting algorithm

e Markov Chain Monte Carlo simulations
e time-consuming method ®

Bujmosl AjsnNnonuliuo >

e Press, W. H., et al. 1992 - Numerical recipes
in C. The art of scientific comp.
e Levenberg-Marquardt non-linear least
squares fitting algorithm

s -a A S gy
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e lﬂg F[:.Z[rh fﬂ~D-. b]-.FH C1) + B“i — Umean) + C[Tri = 1Ln‘u:arl.]z

HD189733 b

JOmid: 5

L

HD189733 b

odstranéni systematickych trendd

JOmid: 5.
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ETD zaznam ...

sefanik cbservatory Prague Eroolanck:
planet: HD189733 b
HD189733 b Stanialawe Poddany

0,42 IDutds 5, 3%353 Observer: |3I;:1r||5|a Poddany

BL Post address: |Stefanik observatory, Prague

E-mail: |pnddan-_.'@ observatory.cz

Station: |S.Lel‘e'|n|'-a observalory, Prague
Observing location: ELongitude: 159 | Latitude: 50°

Equiprment: |I‘.-1a:=1da L2200 0.40 m + SBIG ST10ME

& alL3a

Original dota

Used filter: Ty T g Ty &g 1 C Clear

Hotes:

| FHW 10 pixel exposure 20 - 25 s no autoguiding

Observation already |
published:

0 mid: |2-|5"-?$5.39333 +- 00004

o j o) s oD

HIR mid: |2-45i 70540224 +- 0.0004 {heicor = 0.00391)

Mid transit - UT: [2003-06-2621 3335

Trend remsowved

Duration: |1ﬂﬁ 2418 minut

o A S A

Depth: [0.0312+-0.001 mag

Findinq chart ! reference CCO frame:
LA E — hr
1 I J
(.35 [ER L] 0.4%
Jo {2454705 + )

Residuals (mag - Fib) S = 3.4 wneg. ro = 9.93 datesdvan, [0 = 1

- = "
[ LT L
F i SR LB
= e wTe Wb, g

ol gany

Ssppgpipod $iIsupia] jscupnjdoxg
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-ETD versus Winn et al. 2007 and AXA fit

Table 1
The comparison of our results with Winn et al. (2007 ).

HD189733b ETD Winn et al. (2007)

Central time (HJD) 2453988.80333 (12) 24543988.80331 (27)
Duration (min) 106.01 + 0.50 109.62 + 1.74

Table 2
The comparison of our results with the AXA database.

HD189733b ETD

Central time (H]D) 245470540228 (41)
Duration (min) 102.09 + 1.60
Depth (mag.) 0.0287 + 0.0006

HD189733 b HD189733 b

mid/fameet al. 2007

AXA

24547054023 (5)
98.4+1.8
0.02895 + 0.00080

S. Poddany (ETD

& alL3a

o j o) s oD
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Current statistics:
{22. 10. 2009)

HD189733 b Exoplanet Transit Database:  Transit-Duration ws EPOCH

# of objects: 58
# of transits: 1078

# of transits

ey
=)
&

258

122

Duration {nin}
[
[x)

ey
=
E

292

131

222

f
0
1
L]
L]
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L L L L L
-180 20 a0 140 200

HD189733 b EFOCH  tyears 2005 - 2008. 27 records) FDepth {mnag)
M = 53983.80336 + 2.2180733 ¥ E

HD189733 b Exoplanet Transit Database: Transit-Depth ws EPOCH
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DQ index ...

|x = : -\ll."llﬁ

where o is a temporary data quality index, S is the mean absolute
deviation of the data from our fit and p = N/l means the data sam-
pling, where [ is the length of observing run in minutes.

& alL3a

Table 3 m
The distribution of the quality of the light curves according to their DQ index X!
(example of the light curves see Fig. 3). o§
L)
DQ index 1 2 3 4 T:
Threshold o = 95 95>a = 60 60>0 = 25 25> = E‘
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TrE5-1 b Exoplanet Transit Database: O-C ws EPOCH

M = 53895.87342 + 3.0300737 * E

& alL3a

n
0
i
7
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1 1 1 1
=170 -5 10 Fi 150
EPOCH i{years 2003 - 20058, 45 records)
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e/Holman M. J., & Murray N. W., 2005, Science, 307, 1288

Fig. 1. The variations
of the interval between
successive transits of
terrestrial planets, in-
duced by the other plan-
ets in the solar system.
(A to D) The variations
for Mars, Earth, Venus,
and Mercury, respec-
tively. To guide the
eye, the solid line con-
nects the times of each
transit. The transit in-
tervals result from nu-
merically integrating
the equations of mo-
tion of the planets in
our solar system and
calculating the transit
times as seen by dis-
tant observers located
in the present-day or-
bital planes of the var-
ious planets.
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eHolman M. J., & Murray N. W., 2005, Science, 307, 1288

Variation in transit interval (sec)
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Fig. 2. Transit times of
HD 209458b. The nu-
merically determined
variation of the inter-
val between successive
transit centers of HD
209458b as a function
of time, with each pan-
el showing the results
for a different set of
orbital parameters for
a hypothetical second
planet with a mass of
M, = 1073 M. In the
simulations, HD 209458b
has an initial orbital
period P, = 3.5248
days and eccentricity
e, = 0.025. The planets
are assumed to be co-
planar, with the system
viewed edge-on. (A)
The results for a per-
turbing planet with or-
bital period P, = 99.8
days and eccentricity
e, = 0.7. (B to D) The
results for perturbing
planets with orbital
periods P, of 46.4,

28.0, and 19.2 days and eccentricities e, of 0.5, 0.3, and 0.1, respectively. Radial-velocity mea-
surements have ruled out the presence of such planets in the actual HD 209458b system (20).

= EFOCH

& alL3a

o j o) s oD

AP |

sl g gy

S22 spPpqpiiod isupia] jsa2upjpdoxg

BujmosB KAjpsmom s guo o

QLIS ED OIS - A )




TrE5-1 b Exoplanet Transit Database: O-C ws EPOCH

M = 53895.87342 + 3.0300737 * E
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M. Rabus et al : Transit timing analysis of the exoplanets TrES-1 and TrES-2

& alL3a
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A

400
transit number

Fig. 8. Simulated O-C diagram of TrES-2 and the best fit perturber with a mass of 18 My and an orbit of 0.051 AU. The red dots
correspond to the observations and the squares to the corresponding simmlated O-C values.
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GJ 436b ... TTV

sed by Ribas et al.

same systemn,
but with M, = 4 M

Lunar

18]
"

along with theoretical
1ance, with a mass of

& alL3a
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CoROT-1b ... TTV

CoRoT-1 b Exoplanet Transit Database: O-C ws EPOCH

| M = 34132.4532 + 1.5089357 % E

& alL3a
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-2 2 & 10
EPOCH (uears 2007 - 2007, 37 records)
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Jacob L. Bean A&A 2009
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HD189°33 b

e pozorovani skvrny

JOmid: 5.395833 observer: 1

& alL3a

& § o g ol s oD

Relative flux

JOmic: 5.39333 observer: 2

TrES—1 observer: n+1

AP |

0.97 - Brown et al., in prep

-3 -2 -1 0 1 2
Time [hr]
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Exoplanet Transit Database. Reduction and processing of the photometric data
of exoplanet transits
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ARTICLE INFO ABSTRACT
Article history: We demonstrate the newly developed resource for exoplanet researchers - The Exoplanet Transit Data-
Received 29 june 2009 base This database is designed to be a web application and it is open for any exoplanet observer. It came

Received in revised form 28 August 2009 on-line in September 2008. The ETD consists of three individual sections. One serves for predictions of the
Accepted 1 September 2009

il ool s transits, the second one for processing and uploading new data from the ohservers. We use a simple ana-

Communicated by W, Saon lytical model of the transit to calculate the central time of transit, its duration and the depth of the transit.
These values are then plotted into the observed-computed diagrams (0-C), that represent the last part of

PACS: the application.

9.80.+p & 2009 Elsevier BV. All rights reserved.
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ETD ’ Exoplanet Transit Database

http://var.astro.cz/ETD

{90 %) Copy

Copying ETD to REALITY




