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Role of ground-based projects

TEP discovery: inclination, true mass, radius (if stellar
radius and mass are known™) — density, structure

Presenting targets for detection of planetary atmospheres
via transmission spectroscopy or occultation spectroscopy

Presenting targets for measurements of planetary surface
temperature via the occultation of the planet (Spitzer)

Sky projected angle of stellar spin axis and planetary
orbital normal via the RM-effect — formation

Refine (through a/R)) stellar parameters

Confirmation and characterization of space-based
discoveries

Transit timing variations — perturber bodies
Exomoons through TTV, TDV

Planets around giant stars (chromospheric transit)



P statistics

ed, announced TEPs

bsequent confirmation of the transit
, HD-189733b, GJ-436b, HD-17156b, HD-80606b

0606b
iIscoveries (62)

* Ground-based: 55, space-based: 13



Transit Search Programmes

D focal | "5 N, N no. of pixel sky | star d stars | planets
Programme -
(cm) | ratio (deg) (kpix) | (kpix) CCDs | (arcsec) | mag | mag | (pc) [};1{}3} fmonth

1 [PASS 2.5 2.0 127.25 R.O 2.0 15 57.75 6.8 P4 |83 18 6.3
2 [WASPO 6.4 2.8 5.84 2.0 2.0 1 15.54 9.6 11.8 246 2 0.8
3 |ASAS-3 7.1 2.8 11.21 2.0 2.0 2 13.93 9.9 120 272 |5 1.7
4 [RAPTOR 7.0 1.2 55.32 2.0 2.0 8 34.38 7.9 1.1 |179 |33 11.7
5 [TrES 10,0 2.9 10.51 2.0 2.0 3 10.67 10.5 |12.7 [362 10 3.5
6 [XO 11.0 1.8 10.06 1.0 1.0 2 25.00 8.6 11.9 258 |3 1.2
7 [HATnet 11.1 1.8 19.42 2.0 2.0 (§] 13.94 9.9 12.5 |338 28 9.7
5 |SWASP 11.1 1.8 31.71 2.0 2.0 16 13.94 9.9 12.5 |338  [74 26.0
9 [Vulcan 12.0 [2.5 7.04 4.0 4.0 1 6.19 1.6 |13.4 497 12 4.1
10 RAPTOR-F 140 2.8 5.93 2.0 2.0 2 7.37 11.3 |13.4 K498 2.9
11 EEST 19.5 2.7 3.01 2.0 2.0 1 5.29 12.0 (142 (668 1.8
12 Vulcan-8 20.3 1.5 6.94 4.0 4.0 1 6.10 11.7 |14.1 |p42 24 8.5
13 |SSO/APT 50.0 1.0 5.05 2.9 3.1 2 4.20 12.5 |15.5 |1103 (65 22.8
14 RATS 67.0 3.0 1.31 2.0 2.0 1 2.30 13.8 |16.4 |1548 (12 4.2
15 [TeMPEST 76.0 3.0 0.77 2.0 2.0 1 1.35 15.0 |17.1 |1944 2.9
16 EXPLORE-OC 101.6 7.0 0.32 2.0 33 1 0.44 17.1 |18.4 [2881 1.6
17 |PISCES 1200 [7.7 0.38 2.0 2.0 4 0.33 17.1 [18.6 [3045 2.7
18 |ASP 1300 |13.5 |0.17 2.0 2.0 1 0.30 17.1 |I8.7 3125 0.6
19 OGLE-III 130.0 9.2 .59 2.0 4.0 8 0.26 17.1 |18.7 3125 120 7.1
20 |STEPSS 240.0 (0.0 0.41 4.0 2.0 8 0.18 17.1 |19.5 3757 |17 5.9
21 [INT 250.0 3.0 0.60 2.0 4.0 4 0.37 17.1 |19.5 [3800 |37 13.1
22 ONC 254.0 |3.3 .53 2.0 4.0 4 0.33 17.1 |19.5 3817 |30 10.5
23 EXPLORE-N 600 4.2 0.57 2.0 4.0 12 0.21 17.1 |19.9 4196 46 16.2
24 IEXPLDRE—S 400.0 2.9 0.61 2.0 4.0 8 0.27 17.1 [20.0 H4313 |58 201

From Keith Horne, 2001






jects that found planets
as Campanas: OGLE
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Transitsearch.org

Hey there! Transitsearch is using
Twitter.
vitter is a free ice that lets you keep in touch with
i quent ans [o
g? Join today to start

Transitsearch

@ -- the parent star is
relatively bright, so there'd be
possibility for follow-up using HST
and Spitzer...

3bh and c. A transit for b would

= candidates table. Don't

Match case

B RSS feed of

Transitsearch's tweets




AXA (Bruce Gary

Amateur Exoplanet Archive (AXA) A
# Transit LCs
## oObject RA Dec V-mag B-V H]JDo Period Depth Length
b Season (# OO0T LCs)
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28 ety et B e iy R 0.84 4485 .6060604 i L B B RS HEE T R e IEE Hel==h = ESEE]
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et HAT-P-—7 i B e b e e e e =R e = A B Rt 2.2047214°" e e Q=3 07.4 g0}
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22 WASP-4 LR RS e S S e e e e e S 2 ] 34 A GE-1EES SRR 1i0}
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08 WASP-2 et D B PR R B =R S = SR el e s s 1.74 =30 EE=0 HEiEEan)
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TRESCA and ETD (Czech

[@] Variable Star and Exoplanet5... 3£ HAT-P-13 x4 ¥

Variable Star and Exoplanet Section

of Czech Astronomical Society
| @ A ra
- L = M
, ; "y :
i ! 4 l |
TRESCA ’
TRESCA Project - Exoplanets s
Exoplanet Transit Database > IiEE] New user registration (free)
NEWS Our transit observations = I:l
RSS feed _ ) ] ] ] > Minima predictions <
22.3.2010: News about upcoming HAT-P-13 two planet perturbation during April
RS = Transits predictions <
OBSERVING CAMPAIGNS Dr. Gregory Laughlin has written article Inside Information at oklo.org.
NEW New minimas B.R.N.O .:
Expired Campaigns Bruce Gary has prepared page  Two-Planet Perturbations for 2010: at AXA. $§ gﬂc Em te:tvg
nc . Lehky
OBSERVING PROJECTS ot it I
BENG. - aciipaing binanes > More information A (M. Lehky)
MEDUZA - intrinsic variables VEZ9 Her (M. Lehky)
TRESCA - exoplanets | 18.3.2010: New transiting exoplanet CoRoT-9 b with 95days long period was FX Dra (M. Lehky)
HERO - high energy objects | TRESCA discovered by H. J. Deeg, C. Moutou et al. in Nature. ::uui:""'(tr éJr'a;';r”kaj
CE Leo (L. émelcer)
( ] The planet is orbiting in distance 0,36 AU around the parent star, has radius CE Leo (L. Smelcer)
"% 1,05 Rjup and mass 0.84 Mjup. Transits are 0.017 mag depth and 8 08 hours
UBSERMERS.EGT long. Constelation: Serpens. Hbw NS e
TrES-3 b (5. Gajdos, |.
ABOUT US Congratulation to CoRoT and the discovery team! Jaksova) _
Leadership I;E:c;jé? (S Gajdos, |.
i ‘;c?logs For more information see the discovery paper: A transiting giant planet with a TIES-3 b (& Gajdos, |
s I o temperature between 250 K and 430 K. Jaksova)
. Bilhan price "The Ob;eruerouf TrES-3 b (& Gajdod, |
e year - Jaksova
Membership conditions - TarEso-‘; |): (5. Gajdos, I.
List of members f = Jak&ova)
7 w TrES-2 b (5. Gajdos, |.
o . Jaksowva)
DATABASES & TOOLS | Epeeamtasitmenion TrES-1b (L. Brat)
General Search Gateway — - HAT-P-13 b (J. Trnka)
Open European Joumnal on > More information.., X0-2 b (3. Corfini)
Variable stars | 17.3.2010: Possibility of major axis precession at WASP-12b?The data from g:hnwﬁzt_;r; ;EI' -
0-C Galaway  [RES TRESCA database were used for analysis of this phenomen. Addison)
CzeV Catalogue [
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How does a ground-based survey work?

Operations, data acquisition and transfer

Data reduction: calibration, astrometry, photometry, light
curve generation

Trend filtering algorithms: TFA, Sysrem

Candidate search: BLS

Candidate evaluation: tools of all sort including coffee
Reconnaissance follow-up phase (spectroscopy and
photometry)

Confirmation-mode follow-up (high precision RVs,
blend analysis, activity)

Analysis of results, physical interpretation
Dissemination of results



Follow-up scheme

-

"Light—curve machine’

Automatic
selection
SNR, DSP OK?

FALSE POSITIVES 3
DTP
EBDB (brown dwarf?

Confirmation

pectroscopy

b |

—

FALSE POSITIVES 2
Merging stars
DTO (diluted triple)

usu. EB + giant star
within 20arcsec

FALSE POSITIVES 1
Velocity variation
composite spectrum

EBDD (F+M dwarf)
DTP (hierarchical triple)
GEB (grazing)

Photometry
followup

No velocity

variation

[ REJECTION mode ]
spectroscopy

Automated photometry
followup (TopHAT)

Shape, depth, duration q, J-K J

Manual selection:

POSS, proper motion, mergers
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The Trend Filtering Algorithm

1 1
HTREZAS-A22-23 orig
HTRZES-BA22~-23 TFA




BELES spectrum
&

Freg [csdl

Time -- DI [dl

search algorithm for transits

BLS

ssauypylbitag



BLS: search algorithm for transits

FOLDED LC
FIT

JD [d]




Follow-up observations
HATNet has found ~1130 transiting planet candidates

Intensive and coordinated follow-up effort to weed out false
alarms: F+M binaries, grazing EBs, triples (52%), giants
(18%), resolved blends (11%), false photometry (10%), rapid
rotators (15%).

Photometry follow-up with 0.25m TopHAT and 1.2m FLWO
telescopes

High resolution low S/N “reconnaissance” spectroscopy with
the 1.5m FLWO reflector + Digital Speedometer or TRES

Additional low S/N spectroscopy: ANU 2.3m, DuPont 2.5m,
NOT/FIES 2.3m.

About 1 in 20 candidates survives. These survivors reach
Keck or FIES/NQOT: the peak of the follow-up pyramid.



High precision RV observations of transit
candidates

HTR294-001 P=3.054686 RA=315.04063 DEC=19.518671 V=10.033
i hl ’ .

HTRZ294-002 P=1.67609 RA=313.283465 DEC=18.364672 V=10.947

ﬂWWWIE

Phase of expected RV curve
known in advance!

Highly optimized observing
strategy, taking into account

optimal phasing, visibility, priorities,

prior history

~75% of Keck/FIES time is spent
on targets that prove to be planet
hosting stars

Fast, “next-day” analysis helps in
dynamic revision of the scheduling

Outcome: atmospheric parameters
(SME), RVs, bisector spans
(BS),activity (S), high resolution
snapshots

LI L

HTR294-003 P=4.79395 RA=315.201112 DEC=22.255413 V=12.017




Example of a post-Keck impostor: HTR204-007

STAR: HAT-204-8881965 f=08.3331586 P=1.88d g=8.0524 grat=8.919 E=52951
dip=@.8822 diprat! B.872 ressig=08.8854 SHE=41.43 DSP=26.4 GEZADSP=1.51
MTR=21 HTRP=294.8 HTW=399987 goress=0.191%9 sigoot=0.41e-83 =sigt=3.
foot=4.683538 Acot=0.0883 fratio=B.11¢6 REAM=0.1808 JK=8.352 I=10.

1g.22 LET7 TFB = ' ' ' ' ' Hiseclor analysis Tor HTR204-007
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Example of a survivor: HAT-P-2b
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Limitations of ground-based surveys

Duty cycle can be relatively low from a single site, or with poor
weather. Result: gapped time series.

Stability is worse than from space. Result: more systematics

Effects of the atmosphere: (refraction), extinction, scintillation

Scintillation table for D=10cm, sea level

T/AM 1.01.2141.72.024283.5
200 0.00097 0.0013 0.0017 0.0025 0.0033 0.0045 0.0059 0.0087

Scintillation table for D=100cm, sea level

T/AM 1.01.2141.72.0242.83.5
20 0.00066 0.00091 0.0012 0.0017 0.0022 0.0031 0.004 0.0059

Note, however, other limitations: RV precision, stellar jitter, stellar
Isochrones, parallaxes, blend analysis. These are limitations for
both ground-based and space-based surveys.



Transit recovery (HAT-South)




e HAT-South project

spaced global
lly automated
the Southern

ere
Almost 24 hour coverage

128 o° field of view per site

Long period transits (up to
P=20 days)

Shallow transits: hot Neptunes
and super Earths

Joint effort of the CfA, PUC,
ANU, MPIA.

1500 cand/yr, 20 to 60 TEP/yr
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The brief history of TEPs

The following slides can be viewed as videos on youtube:
http://www.youtube.com/watch?v=fsPVDBILOeA
http://www.youtube.com/watch?v=lzgoxa8bijc
http://www.youtube.com/watch?v=pvfvYOoEKsc
http://www.youtube.com/watch?v=TdUK04kG-6A

19991112 HD-209458b



http://www.youtube.com/watch?v=lzgoxa8bijc
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