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Ground versus space

Ground-based surveys pioneered the discovery,
characterization of TEPs, including most of the
methodology used in the field, such as search methods,
reconnaissance, and confirmation of planets.

Space-based surveys (so far) primarily found planets
around fainter host stars (but this is subject to change).

Space-based surveys have the potential for extremely
good light curve parameter determination (duration, depth,
iIngress/egress duration, etc).

Space-based surveys have the sensitivity for TDV, TTV,
exomoons, and long period planets.

Ground-based surveys produced planets with better
established mass (and, in general, smaller error-bars on
quantities that depend on stellar parameters, or brightness
of the host star)

Ground-based surveys are cheap
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P statistics

ed, announced TEPs

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

0606b
iIscoveries (80)

* Ground-based: 67, space-based: 19



Science that has come out of TEPS

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, and RV) stellar parameters

Confirmation and characterization of space-based

discoveries
Transit timing variations — perturber bodies



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

Note: most of these are not operational any more!

From Keith Horne, 2001
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iInstrument (HATNet)

Gaspar Bakos et al.



telescope (WHAT)

Geza Kovacs, Tsevi




WASP (North + South)

l‘-—--\ S ! L) Don Pollacco,
e ’ . Andrew Cameron



Dave Charbonneau, Jonathan Irwin et al.



Transitsearch.org

Hey there! Transitsearch is using

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

| s of

and c. A transit for b would Transitsearch’s tweets

e candidates table. Another hot

e candidates table. Don't

Match case

Another essential resource: www.oklo.org



AXA (Bruce Gary)

Amateur Exoplanet Archive (AXA)

# Transit LCs

##f Object RA Dec V-mag B-V H)JDo Period Depth Length
b Season (# OOT LCs)

1 [days] [mmag] [hours] [Month]
S =WAS P12 =Sl S3-20 0= 51159 0.42 4506.9761 1.091423 165 295 =36 BE==0 00y
SH et i e 06:48:47 —00:40.4 137 Elser=r 4141 .36416 e s RaEs 14.0 4.42 i S 0f0)

e e [ B L e oy e S e IS 4B 1383 4,25680 e S g = S 0f0)
Sl=—Culol— E e e W e A s P e ) ES s e SR B B E BF, =R SR 24 .8 2.446 g 01.0 =05
e R e P A 5 e g e B 15 i e+ e BN G 1) Q=27 —=d4FI o TEE2=3- 076320 TF=-0 Tk GE32 9=2 0¢0y
e PR s e e R e e et Bl SO e L 22.4 ] e e 210
B R e D | e L e [t | S e 4417 .9077 S L 14.0 = gl TR e 0f0y
S D=—Wn5P=1-0 B R L o e e e e e e R = R e e R BRSO HRE 37 2.14 =58 09.4 6 (0
29 WASP-14 A S BT Oh re e e r il =15 0.46 4465.81963 2.243756 1=1="F 218 BEERE BE=T 10
ST FE s e Bt e e i e e 0.84 4485.6664 4. 187732 e R e Eeabns aEEET FEER|
27 Xo-—4 e e e e B e e e e e s e ) 4.12502 69.7 D e B T, 8(1}
26 WASP-7 20:447108 —39:13.5 Bhele=— e == R 4.954658 10 SRl oo
25 HAT-P-7F e e e e e e e B SR e RN B e e, e e P ey ] 8(0)
24  CoRoT-2 e e (e B e e S g ] S5y e e e
23 WASP-5 EEnEs e be e e e e e e e R e e T e SEiEa S iEie e gl e ey oo
22 WASP-4 E R e e e Pewr A RR RT3 FRI e 34 e D e 160}
21 WASP-3 ik R et R e B B e e Br e S e e e e T me s SR S e b e e Eeh)
20 HAT-P-§ e D e e e e e e LE e e e =" ST e 2(0)
SEH S R BieE g e s e e e 42407 FTe653— 2. FEBA9T 14.0 el 0.42 6= 4 (0
e e e s S T ) 0.64 4438.4824" e [ s 066 SR e o et 8(3)
== AT —P— EEEEE B e e s e e e P S 0.57 4245.8154 =03k DE==6 4.2 0.01 DE==h 300
Ta=-=Trhg =4 e B = o R s e o o s e e P S O 1 0.48 4230.9053 S hESERE 14.5 =553 75 =2 51
HEE st = Bl e P e e Py BE S 421 8. 7566 e aEeE s ET SE e A 2.04 0.49 04.5 H==EEsE
=3 o e e e B B D=8 0.45 4449.8672' SRR AR R i s et 23 (2]}
13 &J 436 B e 4280.78148 2.643904 aEii ot et et A sEhE
e e e e e SR s e B b DECRE — AT a0 2 — =3 -5 B 6 5" 14.2 L e 55 E EESED ]
=T ERE—3 HlE S R e e i e B e i o S B S e e HE T =3 e 18Rt S =2 0.82 D:6=_F FEES
I =t B R e S eI E=SE 0.41 4213.47%4 5.683341 H5==0 3.46 0.54 06.0 =105
03 ®o-1 e 02512 428 0= 20 100 56— JB0B8=9L709L 3= 941507 F3=5 e =g F 3= U5 Y 381(4)
08 WASP-2 b e T e e e e e B e e e e S e P D e e P P A0 30= 080 18(5)
07 WASP-1 e el e e G el e e =T SEn e == 12(0)
06 TrES-2 R P e e e e e S PO e L D et e Il e S ] EEEE
05 HAT-P-1 22 57 A7 I8 A0 51 0odx 0 bx— 436394656 4. 4652934 14 Zoh5 0 F0—= 093 2(0)
e e e Eme e e e S e e B e e e S B e R e e P e B e D B i e e L)
e R bR i SR e e e e e e B e S ] 03.0 ey 00
D2 TrES—1 e e e et B S it e e e e P e T R e e H e e e 220 v
# FAnd: Match case




TRESCA and ETD (Czech

[@] Variable Star and Exoplanet 5.

¥ |[@] HAT-P-13 >4

Variable Star and Exoplanet Section

of Czech Astronomical Society

NEWS
RSS feed

OBSERVING CAMPAIGNS
NEW
Expired Campaigns

OBSERVING PROJECTS
B.R.MN.O. - eclipsing binaries
MEDUZA - intrinsic variables
TRESCA - exoplanets
HERQC - high energy objects

% OBSERVERS LOG

ABOUT US

Leadership

Actions

Perseus Bulletin

J. Silhan price "The Observer of
the year”

Membership conditions

List of members

DATABASES & TOOLS
General Search Gateway
COpen European Joumnal on
Wariable stars

O-C Gateway

Cze‘u’ Catalogue

% Find: |

ﬂ g ' " 3
b -~
FTRESCA G
TRESCA Project - Exoplanets g e
Exoplanet Transit Database > IEEE] New user registration (free)

Our transit observations >

> Minima predictions <

22.3.2010: News about upcoming HAT-P-13 two planet perturbation during April
EEE > Transits predictions <
Dr. Gregory Laughlin has written article Inside Information at oklo.org.
New minimas B.R.N.O .:
Bruce Gary has prepared page  Two-Planet Perturbations for 2010 at AXA. TX Cne (M. Lehky)
TX Cnc (M. Lehky)
TX Cnc (M. Lehky)
NSVS 10122684 Cnc
> More information... h (M. Lehky)
V829 Her (M. Lehky)
18.3.2010: New transiting exoplanet CoRoT-9 b with 95days long period was FX Dra (M. Lehky)
TRESCA discovered by H. J. Deeg, C. Moutou et al. in Nature. ::M“f:"H('E_r éJrétT)r”“)
CE Leo (L. Smelcer)
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
long. Constelation: Serpens. New transits TRESCA:
TrES-3 b (5. Gajdos, I.
Congratulation to CoRoT and the discovery team! Jaksowva)
TrES-3 b ($. Gajdos, I.
For more information see the discovery paper: A transiting giant planet with ]I-?Eso_‘;é:, (% Gajdos, I
temperature between 250 K and 430 K. Jaksova)
TrES-3 b (5. Gajdos, |.
F Jaksova)
e TrES-3 b (5. Gajdos, |.
- 1 Jaksowva)
T TrES-2 b (5 Gajdog, |.
T : JakZova)
i Sl it o TrES-1b (L. Brat)
] HAT-P-13 b (J. Trnka)
> More information... X0-2 b (G. Corfini)
17.3.2010:  Possibility of major axis precession at WASP-12b?The data from e bl e

TRESCA database were used for analysis of this phenomen.

| ["] Match case

Addison)




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
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



Confirmation

-

"Light—curve machine’

Follow-up scheme

Automatic
selection
SNR, DSP OK?

pectroscopy DTP

FALSE POSITIVES 3

—
EBDB (brown dwarf? ‘ ?

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

[ REJECTION mode ]
spectroscopy

No velocity
variation

Automated photometry
followup (TopHAT)

Manual selection:

Shape, depth, duration q, J-K
POSS, proper motion, mergers J

Strong OOTYV.
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ATNet: an example

— o

\,‘\ N ¢
N
aa






launa Kea

~ = AN






d HATSouth computers




ICS

systemat

lter

IC precision

Photometr

ing

and trend f

i 1

. .aw++ 5
i .a..wﬁ..v 43

ey i

P
)

++

C 4

*
+ H x
i Lwﬁ A
+

o

+ ++




The Trend Filtering Algorithm

1 1
HTREZAS-A22-23 orig
HTRZES-BA22~-23 TFA
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BLS: search algorithm for transits

FOLDED LC
FIT

JD [d]




Follow-up observations
HATNet has found ~1200 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/NOT: 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
LFTE ;E? . {Keck specira, template LOS750g45p00v000)
18.23 [ S —
o 1000-— —
w - ]
g b -
PO ]
8§ o ]
4 2 : |
E L
¢ I . ]
i}
& ~1000 [ _ |
I PO [T S T N SN TN SR N SN ST S S S ST SN NN N S S N ]
. T T T T
18.3 [ i - I )
—~ 1000 |- | :
18,31 n I . ]
E | ' |
—_ .
o I ]
. =) ! ]
Strong bisector s L. |
S ; -1000 | | .
variations — triple e |
PR [T T SN [T N T S T Y S S ST NN S [T N SR S N
0 0.2 0.4 0.6 0.8 1
Phase

bisla.dat {bisectors from average CF)




AT-P-2b

Example of a survivor: H
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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 1.012141.72024283.5
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 1.01.2141.72024283.5
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 depth from the ground: ~2mmag or deeper.



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




h units at LCO




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=pvifvY0oEKsc
http://www.youtube.com/watch?v=TdUK04kG-6A

19991112 HD-209458b



http://www.youtube.com/watch?v=lzgoxa8bijc
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs
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The brief history of TEPs

25 —— : , Cee

15 F

HI“' [H..Iup]

.m_.. _.,-_E.
B
'
|

05 |- o i 20091231  Kepler-7b -

0.01 0.1 1 10
Mp Myl




The brief history of TEPs
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