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Is the Solar system typical?

Are there other types of planets, and what is their frequency?
What is the occurrence of Earths and extraterrestrial life”?
How do planets form and evolve and die?



e Sun (from Earth)

°112 yr
periodicity
*1769: the first
international
scientific
collaboration
*Measurement
of the AU to
0.5% in 1769
*Discovery of
Venus'
atmosphere by
Lomonosov




Exoplanet discovery P
methods AT 2

« Pulsar timing
 Reflex motion of the
host star (RV)
 Transits
« Microlensing
« Direct imaging vt s iy
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meters versus physical parameters

N | Transits: The

| “royal way” of
“understanding
planetary

systems.

Note
- complementarity to

other discovery
“methods (RV,

\ ( “microlensing)
Seager & Mallen-Ornelas '
(2003)
Carter, Yee, Eastman, et . =\ 3/2
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Planetary mass — radius diagram

20120107

20120104 HAT-P-37b -




VWhat can be learned for a transiting exoplanet?

* Known inclination, true mass, radius (if stellar radius and
mass are known*) — density, structure [ |

* Detection of planetary atmospheres via transmission
spectroscopy or occultation spectroscopy (and potentially,
biomarkers).

* Measurements of planetary brightness temperature via the
occultation of the planet (Spitzer). [ ]

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

* Transit timing variations — perturber bodies, and masses
[few]

« Transit (through a/R,) refines stellar parameters (note:
eccentricity and argument of periastron also required)

* Orbital evolution? Tidal dissipation constants. Moons.



ATNet project

5iting

bright stars to enable
detailed follow-up
(community effort)

* |Investigate relations between
planetary and host star
parameters.

* Contribute to the
understanding of their
formation, migration,
evolution, and physics.

* Find odd-balls.




T telescope — In real

= f=200mm

/1.8

* D=110mm

* FOV=10°

= scale10”/pix

= Sloan r filter

= 4K x 4K Kodak

FI chip

= Fully automated
with all
components:
dome,
telescope,
CCD
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> at Mauna Kea
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at Mauna Kea




at Mauna Kea
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cing, repairs and maintenance
e ’ Engineering Flowchart

DOES IT MOVE?

————§

MNo Yes

| |
Should it? Should it?

No




d HATSouth computers
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ters is gold

@ e

Gliese 229B ma Ori Jupiter
objects

8§30 °C 1226 °C

Low-medium size star Lowest mass star  Young brown dwarf Old brown dwarf Isolated bodies Planet

(Yellow dwarf) (Red dwarf) with planetary
mass
1M =0.5 M 55-60 M 30-50 M 10 M iM
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Highlights — HAT-P-1b

FLWO 1.2m 2006-Jul-23 d

I
07 0.75 0.8 0.85
HJD - 2453939

FLWO 1.2m 20086-Aug-31 d

40.9 40.95 41 41.05
HJD - 2453939
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R=1.2R, M=0.53M,
p =0.37 g/cm?
Inflated, low-mass hot Jupiter

around one member of a binary
star.

See Bakos et al. 2007,ApJ
Inflated radius: Burrows et al. 2007, ApJ
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Courtesy David Aguilar (CfA)



I mag

I mag

8.07 §
8.08
8.09
8.1
8.1

[ HATNet, ainl '

-0.6

8.07

8.075 K
8.08 [}

8.085
8.09

-0.

X 4
LY 2

N Al LA
r:l "% HATHetatl -

1. HATNet. birfed

1

z mag (inst)
@
=
(o4
T

8.085

8.09 1 1 1 1 1 1

Fit =——

12.8 12.85 129 12.95
HJD - 2454200.0

R=1.16R, M=9.09M

p=7.6g/cm* P=56d,e=0
Super-massive, compact hot

Jupiter
See Bakos et al. 2007, ApJ
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The Rossiter-MclLaughlin effect




HAT-P-7b

Winn. Johnson. Albrecht. et al. 2009
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0-000 |- , -~ g 5 S Retrograde or pole-on orbit!
e rere ees e ey 0T e eTs (Winn et al. 2009, Narita et al. 2009)
R=136R, M=1.78M,
p=0.87g/cm> P=22d
Very hot Jupiter (2700 K), in

Kepler's field.
(Pal et al. 2008)

Retrograde or pole-on orbit!
(Winn et al. 2009, Narita et al. 2009)




Hot stars with hot Jupiters have high obliquities

Winn, 2010
Schlaufman, 2010
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Proj. obliquity [deg]

Hébrard, 2011
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HAT
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R=04R, M=0.08 M,
p=1.33g/lcm?® P =4.88d
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Warm super Neptune in Kepler's

field orbiting a bright K dwarf.
RV semi-amplitude: 11 m/s
(Bakos et al. 2009)

Tilted orbit w/respect to the stellar

spin axis 103 = 20 deg
(Winn et al. 2010)
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Relative i-mag

HAT-P-13b,c: a double planet
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HAT-P-13b: transiting HJ.
M=0.85M, R=1.28R, p=0.5g/cm’® P=2.9d

1 1
-0.2 -0.15 -0.1

HAT-P-13c: P=428d perturber on e=0.7
orbit, msini = 15.7 M, (Bakos et al. 2009)

(1Pl

TTVs of “b” aid in refining parameters of “c
Perturbation by “c” and tidal fixpoint
configuration constrains structural
parameters, Q and core-mass of “b” (Batygin
2009, Mardling, 2010)

Spin-orbit aligned, + 3™ body: “d” (Winn, 2010)
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Inflated planets — Il
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Fig. 1.— Radii and estimated effective temperatures for 90 transiting extrasolar planets
with well-determined masses and radii. Circle size is in proportion to planetary mass, and
the color of the inner circle indicates metallicity|

From Laughlin 2011



HAT-P-34b: an eccentric heavy mass planet
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HAT-P-38b coming up soon!
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e HAT-South project

spaced global

ully automated
in the Southern
Isphere

* 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 Princeton, PUC,
ANU, MPIA.

« Estimate 1500 candidates/yr,
up to 100 TEPs/yr
(depending on follow-up)
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Installation in Namibia



allation in Namibia

2008/08/09 13:23




th instrument close-up

* 4x f/2.8 optics

* 4x 4Kx4K CCD

* 3.7 “Ipixel

*6” FWHM

* Sloanr

. * 6 such instruments
installed: 2-2-2 in

3 Chile-Australia-
Namibia






h units at LCO
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h: Siding Springs Observatory
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- %ll-sky (fisheye image

Wed, Dec 2
08:10:04 UTC

CASKETT all sky Camera @ lco
Exp. Time = 75.0000sec.

Gain = 700
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