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The first planetary system

Nicolaus Copernicus Thorunensis (1473-1543).
Terrae motor, Solis Caelique stator.



The first extrasolar planetary
system

PSR 1257+12
Wolszczan & Frail (1992)

Aleksander Wolszczan



The first extrasolar planetary -
system around a solar type

star

51 Pegasi
=  Mayor & Queloz (1995)
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The methods ...

Planet Detection Methods

Michael Perryman, Rep. Prog. Phys., 2000, 63, 1209 (updated 3 October 2007)
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... and their efficiency

All Catalogs

update : 13 November 2010

All Candidates detected 497 planets

Candidates detected by radial velocity or astrometry| 392 planetary systems
update : 13 November 2010 463 planets

45 multiple planet systems

Transiting planets 105 planetary systems
update : 12 November 2010 106 planets

7 multiple planet systems

Candidates detected by microlensing 10 planetary systems
update : 12 October 2010 11 planets

1 multiple planet systems
Candidates detected by imaging 11 planetary systems
update : 11 November 2010 13 planets

1 multiple planet systems

Candidates detected by timing 6 planetary systems
update : 13 October 2010 10 planets

3 multiple planet systems



Radial velocities

Ubserved Spectrum
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Radial velocities

How to increase RV precision?

Number of lines and their width:
Echelle spectra,
solar type or cooler stars, slow rotators.
Wavelength scale precision:
ThAr, gas cells, laser comb.
Spectrograph stability (physical, optical, thermal):
fibers,
controlled environment,
monitoring & model.
Efficiency:
what SNR (EXPTIME) to reach given precision?
Targets:
avoid or trace activity.



Gas cell (12) technique

\ 1 Marcy & Butler (1992)
Valenti et al. (1995)
,__\/\/ W Butler et al. (1996)

°® . . SNR =200 for 3 m/s
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Gas cell (12) technique
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PSF model & monitoring is the key
The technique can be applied at any spectrograph



Simultaneous ThAr reference

ELODIE (1996) Stellar + ThAr spectrum
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Simultaneous ThAr reference

—-80 -60 —-40 -20 O
Vr (kms™1)

20 40 60

CORALIE (1998)

Cross-correlation with a mask

C(v) = ZZPixa(U)fzm

SNR =150 for 6 m/s



Simultaneous ThAr reference

ARV =1 m/s =1/1000 pixel

Requires:
AT =0.01 K

Ap=0.01 mBar

SNR =500 for 0.51 m/s rms

Measured RV drift [m/s]

HARPS (2004)

Stability is the key!
Need a dedicated
spectrograph?
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Radial velocities. The choice.

Simultaneous reference Gas absorption cell
Requires stable IP: fiber feed only. Suitable also for slit spectrographs
Spectral range: all available. Spectral range: limited by gas cell
Efficiency: Efficiency:

entire spectral information availablel. cell absorption

SNR = 60 required for 1 m/s. photon-consuming deconvolution

SNR = 250 required for 1 m/s

Need a dedicated spectrograph. Only need a gas cell.




RV planet searches.

Ongoing Simultaneous ThAr reference:

High Accuracy Radial velocity Planetary Search
HARPS (ESO, La Silla)
(several planets found)

Coralie at Leonard Euler Telescope (La Silla)
(several planets found)

Sophie (OHP)
Several planets found

Elodie (OHP & Geneva)
(several planets found)

Under development
HARPS-N HARPS North

Absolute Astronomical Accelerometry
(Emilie Spectrograph)

Ongoing gas cell searches:

California & Carnegie Planet Search
(several planets found)

N2K Consortium
(several planets found)

AFOE
(several planets found)

Anglo-Australian Planet Search Program
(several planets found)

Tautenberg Planet Survey
(several planets found)

Hobby-Eberly Telescope
(several planets found)

Mc Donald Observatory
(several planets found)

Exoplanet Tracker

(one planet detected)

Spectrashift.com Amateur radial velocity search
(1 planet confirmed)




RV planet searches. Results.

I | I I |
O
1000 =— —
Jupiter
—_ 100 = Saturn ——
[3:) —
=
w
w
=
Nep
E
1 = Earth \ —]
| | | |
1990 1995 2000 2005

Epoch

Udry & Santos (2007)



RV planet searches. Results.

exoplanets.org |, 11/13/2010
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RV planet searches. Results.
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Wright (2009). 28 multi-planet systems

Today:

497 planets known,

(50 multi-planet systems).



RV planet searches.

Gl 581

M3V, V=10.55
Distance: 6.26 pc
Stellar mass: 0.31 M
Stellar radius: 0.38 R

Age >2 Gy JD 2453152.0 (26 May 2004CE, 12:00:00.0 UT)

Each grid square = 0.1 AU x 0.1 AU
Planets and star not drawn to scale

planet mass [M|] |a [AU] P [d] e mass [Mg]
b (2005) |0.049 0.041 5.37 0 15.6

c (2007) |0.017 0.07 12.92 017 |54

d (2007) |0.022 0.22 66.8 038 (7.0

e (2009) |0.006 0.03 3.15 0 1.9




Gliese 581
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- Habitable zone
[l Possible extension of the habitable
zone due to various uncertainties.
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Habitable Zone in Gl 581 system.



RV planet searches. Results.

HD 10180

G1V, V=7.33
Distance: 40 pc
Stellar mass: 1.06 Mg

Eff. Temperature: 5911 K

Age: 4.3 Gy

planet Mass [M] |a [AU] P [d] e mass [Mg]

b (2010) |0.004247 0.022 1.18 0.0 1.40

c (2010) |0.041217 0.064 5.76 0.077 |13.16

d (2010) |0.036969 0.128 16.36 0.142 | 11.91

e (2010) |0.078973 0.269 49.75 0.061 |25.3

f (2010) 0.075197 0.492 122.72 0.127 | 23.5

g (2010) |0.067331 1.422 602 0.0 21.3

h (2010) |0.202624 3.40 2229 0.145 | 65.2




RV planet searches.

Limitations:

SpType and V,, limited.

Stellar masses needed.

Minimum planetary mass only M_sini.

Stellar activity to be considered.



RV planet searches.

Conclusions

RV - very efficient way to find and characterize
(multiple) extrasolar planetary systems.

Current precision ~ 3ms’
Can reach Earth-mass planets in HZ soon.

In transiting systems delivers masses and
densities.



