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But

»Monte-Carlo simulation instead of analytical calculation

| am using OGLE survey as an example



| - CoROTlux: method

1.Generate randomly a stellar field

2.Add planetary companions

3. Calculate planetary radii from **

evolution model

4.Estimate which planets are
transiting and detectable

5.Stir & shake. Get results
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where Ni, is the number of transits sampled, nj, is the
number of data points in the k™ transit.
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1. Generate a stellar field

From preliminary observations data and
catalogues
(as much as passible ...)

2 3 4 2
Stellar radius [Rsun]

Missing data from galaxy models
(mainly Besancon — Robin 2003)

y “ P o ; . 1 2 3 4 3
| Stellar mass [Msyun)

Metallicity distribu
for solar neight

Stellar companions from Dugquennoy-Mayor
) 200 4000 4500 3000 5300 e300 5300 7040
1991 Effective temperature [K]

50 % dual stars (average mass ratio ~0.23)
10 % triple stars
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2. Glant planetary companions

Probability:
Metallicity link from Santos 2004

Mass / Period distribution:

1-From analytical distribution
Period distribution from Brown 2003
Mass distribution from Zucker —Mazhet 2001

OR

2- Carbon copy of RV planets
N —
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3. Planetary radii : Radius anomaly

A link with host star metallicity — Guillot 2006
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3. Planetary radii from evolution models

A link with host star metallicity — Guillot 2006
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4. Detection threshold

» Compute what is transiting (planets & stars), as a function of main

and secondary radii, inclination,

2
Threshold considering red noise — &= dg“,

From Pont 2006 o (S 4t)

R

where Ny, is the number of transits sampled, ny, is the
B eSO e ot pits n he B

Observation windows
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Referenced transiting planets

Summary Table of parameters for transiting planets

OGLE-TR-18

OGLE-TR-56
OGLE-TR-111
OGLE-TR-112
OGLE-TR-132
HD189732
HD14%026
IvES-1

IrES-2

IvES-3
HD209458
Xo-1

X0-2
HAT-P1
HD147506
H45P-1
WASP-2
Gli36

Mpl

[M;]
0.61 (0.13)

1.92 (0.23)
0.657 (0.006)
0.90 (0.07)

0.57 (0.06)
0.53 (0.04)
$.04 (0.40)
0.867 (0.073)
0.81-0.95
0.071 (0.006)

Epl

R;]

1122 (+0.12-
0.07)

1.30 (0.05)
1.01 (0.04)
1.09 (0.03)
118 (0.07)
1.154 (0.017)
0.726 (0.064)
1.081 (0.029)
1.220 (+.045-
042)

1.295 (0.081)
1.320 (0.025)
1.184 (+.028-
018)

0.973 (+.03-.008)
1.203 (0.051)
10.98 (0.04)
1.443 (0.039)
1.038 (0.030)
0.35 (0.03)

P
[davs]

3.101278 (_4)

1211808 (_1)
40144479 (_41)
14324757 (_13)
1.689868 (_3)
2218381( 2)
287598 (_15)
3.0300737 (_26)
247063 (_1)

130619 (_1)
3.52474850 (_38)
3041534 ( 27)

2615838(_8)
446529 (_9)
5.63341(_13)
2519961 (__18)
2152226 (_4)
264385 (9)

Tir
[JD-2450000]

3890.678 (_1)

3936.598 {_1)
3799.7516 (_2)

3464.61665(_10)
31425912 (_3)

3931.12048 (_2)
3527.87453 (_90)
3186.80603 (_28)
3957.6358 (_10)

41859101 (_3)

2826628321 (_8T)

388774670 (_13)

4147.74902 (_20)
3997.79258 (_24)
42128561 (_6)
401331269 (_47)
4008.73205 (_28)
422616 (1)

1
[]
87.2-50

81.022)
88.1(0.3)
88.8-90
BL3(1.6)
83.68 (0.04)
838 (+16-13)
=384
8390(022)

8215 (0.21)
$6.929 (0.010)
89.36 (+.46-.53)

=88.35
8622 (024)
=86.8

=86.1

84.74 (039
86.3(02)

d
[AU]

0.04162 (0.00069%

0.0225 (0.0004)
0.0467 (0.003)
0.0229 (0.0002)
0.0299

0.031 (0.001)
0.042

0.0393 (0.0011)
0.0367 (+_12- 05)

0.0226 (0.0013)
0.047 (+.001-.003)
0.0488 (0.0005)

0.0551 (0.0015)
0.0685 (0.0017)
0.0382 (0.0013)
0.0307 (0.0011)
0.028 (0.001)

Reference

[Fonackili[Pont) 7/ Holmand?

[Konackil3]Torres04 Pontd7

[Font)d]Santoz06 Winnds Minnitid7

From Pont’s
Summary Table of parameters for transiting planets

[BouchyM]Bouchy 4/ Gillon 08
[Bouchy4]GillondT
[Bouchy03]Pontl?
[3atod3]Charbonneanls
[Aonsal4]Sozettild Winnd7
[ODonovandi] Sozettid?
[ODonovandT]
[Charbonneaud)Winnl3 Enutsondi
[MMeCullough6[Holman 06 M08
[ButkelT]
[Bakos0T]Winnl7
[Bakos0T]Winnl7
[Camerond§]Shporerds/ Charbonneauld
[Cameron0§]Charbonneanls
[Gillon07]
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Il — CoRoTlux results interpretation:
Giant planets in the OGLE field

1. Quantitative analysis

Siedd Maezmed BV folow-up Sumber of plansts
of view zodee vl to Vooag datactad simmladed with
- .

Ll
- - -
VEH] added (P « 2 days)

Bulzs 16 17.3 2 a4 0€ e
Carza  onginzl 3.1 17.5 3 i+ 41 48
updatad 17.5 Hi-1) +1.1 +11 +1.1
Cantaores 31 17. 14 1.8 .
Taocal ] 63 1.6 80

2. Characterization: planet (M, R, P)
as a function of star (M, R, [Fe/H])
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Quantitative information from OGLE analysis

Transit Depth (%)
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Quantitative information from OGLE
analysis: Red noise understanding

Bulge field o, = 3.6 mmag

OF v v | carina field c, = 3.1 mmag

.4 0.2 0.4 0.6 0.8 1.0

— A fraction of the red noise level is a function of
crowding 13



Quantitative information from OGLE
analysis

=>VHJ (1 to 2 days) ~8 times less frequent than HJ (2 to 5 days)
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Distribution vs Metallicity for close-in planets

Unbiased model
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=> The metallicity bias is even stronger for

close-in planets
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Flanet mass (Mjup)
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— Agreement between transits and RV
= No very close-in low mass giant planet ?
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A Gravity-Orbital Distance Correlation?
(Noyes 2006)
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Mass-radius diagram for transiting planets
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Mass-radius diagram for transiting planets
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Mass-radius diagram for transiting planets
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lll — Predictions for CoRoT vyield:
Full observation campaign

1 initial run (60 days)

5 long runs (150 days)

> 3 runs towards Galactic center field
> 2 runs towards Anti-center

5-10 short runs (21 days)

Total of ~170.000 stars observed

22



Predicting the yield of CoRoT:
Ingredients for CoRoTlux

Stellar Distribution
»From preliminary observations

(referenced in CoRoT - EXODAT database -

from INT telescope wide field camera observations - La Palma)

Planet distribution
Giant planets
= »As for OGLE
Small planets (preliminary)
- » Distribution from Ida & Lin 2005
»Log distribution in mass

»To be re

ey _—-—-
Photometric precision : red noise level g o S
»0.5 mmag from official initial chart —
»>2.1 mmag from CoRoT blind tests (0.5 after detrending) T

~»~1 mmag for partially detrented real light curves
R e—




" Predicting the yield of CoRoT
Gilant planets

rrprrrrTTTTTT """"'Il‘
»10-15 % will have period over 10 days

+

»But getting multiple transits (with long period
observations) could be the key for Transit timing finds
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Predicting the yield of CoRoT:
False transits®

(Just for 0.5 % and deeper events):

d Galactic Center field Anticenter field
Grazing eclipse 11 Grazing eclipse 9
Low mass companion 17 Low mass companion 18
Background eclipse 38 Background eclipse 29
Triple star [/ . Triple star 7
- » T T el sl .
ey Total for CoRoT
- (10 short runs & 5 long runs)
y Grazing eclipse 93
- T Low mass companion 159 B
ﬁ- —n‘ Background eclipse 245 I...:——" =
Triple star 54 -
. : Total of false transits ~550

-_

..-. .- - -




Predicting the yield of CoRoOT:
Complete survey Yield

~80 Hot Jupiter (0.3+ Mjup) — majority from short runs
> 10-15 % with period more than 10 days

- >~1%with period more than 30 days
~25 ‘Small planets’ (10 to 100 earth masses)

26



Earths — Super-Earths ?
Unanswered guestions ...

-What is the exact sub-millimag red noise level of CoRoT ?
-Is stellar variability the ultimate limit of transit search ?
-What is the distribution of short period terrestrial planets ?

-Will we ‘diq’ as far considering the expected number of false transits at

this phot_5 earth radius detections possible
If threshbut their number is tricky to estimate

w what lie—1 €arth radius planets detections
‘highly lucky’

“-Does Haury ruuer suivive «




Conclusion: simulating transit surveys

»Predict the yield of surveys (~100 planets for CoRoT)
»Estimate the number of false transits

- discreditable in light curve

- requiring RV follow-up (and how long)

- couldn’t be confirmed
»Optimize the optimal settings for future surveys

» Test planetary formation/evolution models

»Understand planets distribution as a function of stellar
characteristics

» Constrain formation, evaporation, migration conditions and
limits

28
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Fig. 3.— If wo roplace the gravity with the Safronov number 8, we find that there are now
two clear groups at fixed equilibrium temperature To,. apart from two outliers discussed in
the texi. We label them as “Class I" {open points) and *Class IT' {solid points).
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Fig. 5. — Planet masses plotted against aquilibrinm temperatures. The two classes of planet
both appear to obey an approximately linear relation with T, but with slopes different by
almost a factor of 3.
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- 2 Vesc : escape velocity from the surface of the planet
Viae a M,

Ve / Rp M, Vorb : orbital velocity of the planet

Flanet Name M, Ry M, Ty a Apge Teq =]
(M TRy (Mg KDY Al Gy (KD

Clasa |
OGLE-TR-111 052 101 081 6044 0047 = 1.1 1027 0.062
GLE-TR-113 0 135 109 077 480 00023 =07 135 0.076
HD59733k L15 116 082 G050 0031 =06 1301 0.079
TrES-1 076 108 089 62E0 0039 Z5+01 1151 0.065
TrES-2 .20 1.22 085 5350 QU037 =1 1474 0.077
XO-1 090 118 1o 5TE0 Q.49 =1 1210 .078
WaSP-2 088 104 079 5200 0.03] =1 1292 0.069
TrES-3 192 120 0090 5720 0.023 =1 1645  0.073
Class 11
OGLE-TR-10 061 1,22 110 6076 0042 = 1.1 15356 0.040
G LE-TH-G6 .29 120 117 6119 Q023 3E£1 2262 0.0
OGLE-TR-132 114 118 126 6210 0.030 =1 2007 0.048
HO149026k 0i3 073 13 6147 042 Z4£08 1743 0.03]
HOvzna4550 66 122 L10 6117 Q.47 4.5 1445 0045
HAT-P-1 063 136 1,12 5975 QU0EG =1 1315 0.040
WASP-1 087 144 115 6110 Ou03s =1 1519 0.042
XK=z 057 097 008 5340 0037 =1 1316 0.046
Unclassified
- . I o - I — 32
HID147506 817  L18 1.35 6290 0069 = 1 RRG  0.737

51436 007 035 044 3200 O.023 =1 612 O.0Z7




‘ 1.; - -)E (i .'II-Jr;-_-.

R M Vorb : orbital velocity of the planet

1 - Safronov number, which essentially
measures the efficiency with which a
planet scatters other bodies, plays an
important role in determining

when a planet halts its migration.

2 - difference in is a consequence of the
fact that some of the planets have lost a
markedly larger fraction of their mass
through some form of evaporation. This
scenario requires that many of the Class Il
planets lose 50-60% of their initial mass.

Vesc : escape velocity from the surface of the planet
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Mass-radius diagram for transiting planets
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