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Outline of talk

• Current TEP statistics

• Role of ground-based projects

• Overview of ground-based transit-search projects

• How does a ground-based survey work?

• False alarm statistics

• Limitations of ground-based observations

• The current 86(-19) transiting exoplanets (TEPs)

• Null results and by-products

• Future prospects



  

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, 
ingress/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



  

Space-based discoveries



  

Ground-based discoveries



  

TEP statistics

 Altogether 86 confirmed, announced* TEPs
 RV discoveries with subsequent confirmation of the transit 

(6): HD-209458b, HD-149026b, HD-189733b, GJ-436b, HD-17156b, HD-80606b

– RM-effect: HD-189733b

– Spitzer observations: HD-80606b

 Transit (survey) discoveries (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



  

From Keith Horne, 2001Note: most of these are not operational any more!



  

Project FOVs



  

Projects that found planets
Las Campanas: OGLE



  

STARE +

Tim Brown



  

PSST, Sleuth = TrES

Ted Dunham, Georgi Mandushev         Dave Charbonneau



  

XO + ET

Peter 
McCullough



  

The HAT instrument (HATNet)

Gaspar Bakos et al.



  

The Wise-HAT telescope (WHAT)

Geza Kovacs, Tsevi Mazeh



  

SuperWASP (North + South)

Don Pollacco, 
Andrew Cameron 
et al.



  

MEarth

Dave Charbonneau, Jonathan Irwin et al.



  

Transitsearch.org

Another essential resource: www.oklo.org



  

AXA (Bruce Gary)



  

TRESCA and ETD (Czech)



  

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



  

Follow-up scheme



  

HATNet: an example 



  

The HAT instrument



  

HATs at Mauna Kea



  

HAT-South 
first light 
image
(1 chip out
of 4)



  

HATNet and HATSouth computers



  

Photometric precision, systematics 
and trend filtering



  

The Trend Filtering Algorithm

With 
TFA

RAW



  

BLS: search algorithm for transits



  

BLS: search algorithm for transits



  

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

 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



  

Example of a post-Keck impostor: HTR204-007

Strong bisector 
variations → triple



  

Example of a survivor: HAT-P-2b

R=1.16R
J
   M=9.09M

J   

ρ=7.6g/cm3  P = 5.6d, e=0.5
Super-massive, compact hot 
Jupiter
See Bakos et al. 2007, ApJ



  

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    1.0 1.2 1.4 1.7 2.0 2.4 2.8 3.5  
        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    1.0 1.2 1.4 1.7 2.0 2.4 2.8 3.5   
        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)



  

The HAT-South project

• Longitudinally spaced global 
network of fully automated 
telescopes in the Southern 
hemisphere

• Almost 24 hour coverage

• 128 □○ 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



  

HAT-South units at LCO



  

The brief history of TEPs
The following slides can be viewed as videos on youtube:
•http://www.youtube.com/watch?v=fsPVDBIL0eA
•http://www.youtube.com/watch?v=lzgoxa8bijc
•http://www.youtube.com/watch?v=pvfvY0oEKsc
•http://www.youtube.com/watch?v=TdUK04kG-6A

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


  

The brief history of TEPs: highlights



  

The brief history of TEPs
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The brief history of TEPs



  

The brief history of TEPs



  

Collaborators & friends
HATNet:

 R. Noyes, G. Torres, D. Latham, D. Sasselov, J. Hartman, G. 
Esquerdo, L. Buchhave, B. Béky (CfA)

 G. Marcy, A. Howard (UCB), D. Fischer (SFU), J. Johnson 
(Caltech)

 Géza Kovács (Konkoly)

 I. Papp, P. Sári, J. Lázár (H.A.S)

HAT-South:
 A. Jordán, M. Rabus, V. Suc (PUC)

 T. Henning, C. Afonso, B. Csák (MPIA)

 P. Sackett, D. Bayliss, P. Conroy (ANU)

 M. Holman, Z. Csubry, K. Penev, B. Béky (CfA)

 ... and many others
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