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Multiplicity among solar type stars in the solar neighbourhood. Duquennoy, Mayor & Halbwachs
I. CORAVEL radial velocity observations of 291 stars* Astronomy & Astrophysics

A. Duquennoy! and J.-L. Halbwachs?

Supplement
1 Observatoire de Genéve, 51 chemin des Maillettes, CH-1290 Sauverny, Switzerland 88 ( 199 1) 28 1 -3 24
2 Observatoire de Strasbourg, URA 1280, 11 rue de I'Université, F67000 Strasbourg, France

Received October 3; accepted November 15, 1990 1 9 7 7 E 75\ 15 1 3 ﬂi FEﬂ :E — 9 - l-l %‘;:_l: (-}- —C- % E fd: L/

Multiplicity among solar-type stars in the solar neighbourhood*

II. Distribution of the orbital elements in an unbiased sample Duquennoy & Mayor

& Theuesinog a,, Astronomy & Astrophysics
Geneva Observatory, 51 chemin des Maillettes, CH-1290 Sauverny, Switzerland 248 (199 1) 485'524

Received December 4, 1990; accepted January 30, 1991

Finally, we ask the question if orbits of companions in the
mass range 0.001-0.010 M can be found around G-dwarf pri-
maries, and if yes, whether their eccentricities are different from

zero. The latter could be information about their formation pro-
cess and could become a test to distinguish if we deal with stars
(or brown dwarfs) or real extra solar system planets.
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A Search for Jupiter-Mass Companions to Nearby Stars

GORDON A. H. WALKER' AND ANDREW R. WALKER

Geophysics and Astronomy Department, University of British Columbia, Vancouver, British Columbia V6T 1Z4, Canada
E-mail: walker@astro.ubc.ca

ALAN W. IRWIN,! ANA M. LARSON, AND STEPHENSON L. S. YANG!'

Department of Physics and Astronomy, University of Victoria, P.Q. Box 3055, Victoria, British Columbia V8W 3P6, Canada

Walker et al. Zcarus 116(1995) 359-375

DERex C. RICHARDSON

Canadian Institute for Theoretical Astrophysics, University of Toronto, 60, St. George Street, Toronto, Ontario MSS 1A7, Canada

Received September 30, 1994; revised February 6, 1995

When we began this program over 14 years ago, we . . . .
fully expected that, with sufficient precision, we would We have carefully monitored the radial velocities of 21 bright,

find several candidate giant planets. Not only is the Solar solar-type stars for 12 years. None has shown any refiex motion
System dominated dynamically by Jupiter, but simula- due to a substellar companion to an upper limit of between 1 and
tions such as those of Isaacman and Sagan (1977) sug- 3 Jupiter masses (X sin i) for orbital periods less than 15 years.
gested that a Solar System-like distribution of planetary We can also rule out companions of more than 3 to 10 Jupiter

masses and Bode’s Law orbits would arise naturally (X sin §) at hl - iods based on 1 ¢ trends
around single stars. Very recently, Boss (1995) has pre- i S &) SE MREA 10REST DEUTS DAREC 01 W0NS eI ireng

dicted that Jupiter-mass planets will tend to form at dis- in the radial velocities, limits imposed by astrometry and zones of
tances of 4 to 5 AU around low-mass (0.1 to | M) stars. orbital stability in wide binaries.
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Date HID RV 31
da-mo-yr  -2440000 | km/s km/s

HD 190360 20:02.4  +29:49
11-08-77  3367.440 -46.30 0.23
12-08-77  3368.462 -46.11 0.25
18-08-77  3374.360 -46.17 0.20
29-05-83  5484.618 -46.01 0.27
14-07-83  5530.521 -46.11 0.27
30-07-84  5912.518 -45.54 0.27

IMBE PROV

IMBE PROV

IMBE PROV

HALB

BENZ

MAYO

DUQU

CARQ

CARQ

DUQU

CARQ

DEM

PERN

DEM

DUQU

MAYO 100 1980 1985 1990 1980 1985 1990
MERM Year

06-06-85  6223.580 -45.80 0.27
25-09-85  6334.404 -45.92 0.27
26-09-85  6335.354 -45.73 0.37
08-10-86  6712.392 -45.41 0.27
17-10-86  6721.385 -45.60 0.29
10-08-87  7018.364 -45.68 0.31
14-08-88  7388.468 -46.32 0.27
02-09-88  7407.397 -45.82 0.27
27-07-89  7735.535 -45.94 0.26
03-08-89  7742.522 -45.86 0.26
05-10-89  7805.325 -45.91 0.26

Duquennoy, Mayor & Halbwachs (1991) Walker et al. (1995)
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In contrast to the results for y Cep, the values of the
periodogram peaks for £ Eri and » Cep in Fig. 3 depend
on our run corrections. We feel that these results are too
marginal to qualify as a convincing periodicity. These

periodogram analyses are the basis for our conclusion that
we have detected no unequivocal planetary companion
signatures in our data but, rather, can set interesting mass
limits to any such companions.
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Hatzes et al. (2000)
(including Walker)
0.86M, planet;

P= 6.9yr, e=0.6

P = 0.45 years
(-] .’..:_ 3 .
O « s K=
° o,

unconfirmed
:
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Phase

Fig4. in Walker et al. (1995) ks
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Hatzes et al. (2003)
(including Walker)
1.7M, planet;

P= 2.5yr, e=0.1
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A. Baranne'| D. loz?, M. Mayor?,|G. Adrianzyk?, G. Knispel®, D. Kohler®, D. Lacroix?,
G. Rimbaud® :

! Observatoire de Marseille, 2 Place Le Verrier, F-13248 Marseille, France

2 Observatoire de Geneve, CH-1290 Sauverny, Switzerland

3 Observatoire de Haute-Provence, F-04870 Saint Michel I’Observatoire, France

Received September 28, 1995; accepted February 15, 1996

Abstract. The fibre—fed echelle spectrograph of Observatoire de Haute-Provence, ELODIE, is
instrument has been in operation since the end of 1993 on the 1.93 m telescope. ELODIE is designed
version of the cross—correlation spectrometer CORAVEL, to perform very accurate radial velocity
such as needed in the search, by Doppler shift, for brown-dwarfs or giant planets orbiting around

one single exposure a spectrum at a resolution of 42000 (A/A\) ranging from 3906 A to 6811 A i
1024x 1024 CCD. This performance is achieved by using a tanf = 4 echelle grating and a combine
and a grism as cross—disperser. An automatic on-line data treatment reduces all the ELODIE echg
computes cross—correlation functions. The instrument design and the data reduction algorithms are

paper. The efficiency and accuracy of the instrument and its long term instrumental stability allow
radial velocities with an accuracy better than 15ms~' for stars up to 9th magnitude in less than 30 n
time. Observations of 16th magnitude stars are also possible to measure velocities at about 1kms

classic spectroscopic studies (S/N>100) 9th magnitude stars can be observed in one hour exposure {

AERDEICF. BNF-ERERREERFD
(NG BRIDIEAERMNHOT-

ELODIE: A spectrograph for accurate radial velocity measurements

Circular Ombit: rho CrB

XK= 67.4 mis e = 0.0
w = 210.0 deg. sin{i)=

(o 197
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A Jupiter-mass companion to a solar-type star

Michel Mayor & Didier Queloz

Geneva Observatory, 51 Chemin des Maillettes, CH-1290 Sauverny, Switzerland N atu re 378 (1 995) 355

The presence of a Jupiter-mass companion to the star 51 Pegasi is inferred from observations
of periodic variations in the star’s radial velocity. The companion lies only about eight million
kilometres from the star, which would be well inside the orbit of Mercury in our Solar System.
This object might be a gas-giant planet that has migrated to this location through orbital
evolution, or from the radiative stripping of a brown dwarf.
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A planetary system around the -
millisecond pulsar PSR1257+12 [ikiiatdablol R CELP)

A. Wolszczan* & D. A. Frailt

)
o
o
|

* National Astronomy and lonosphere Center, Arecibo Observatory,
Arecibo, Puerto Rico 00613, USA

T National Radio Astronomy Observatory, Socorro, New Mexico 87801,
USA
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MILLISECOND radio pulsars, which are old (~10° yr), rapidly
rotating neutron stars believed to be spun up by accretion of matter
from their stellar companions, are usually found in binary systems
with other degenerate stars'. Using the 305-m Arecibo radiotele-

| M- . B | 1.1 . | I S O | | T S | - |
19906 1990.8 1991  1991.2 19914 19916 1991.8
Epoch (yr)

scope to make precise timing measurements of pulses from the
recently discovered 6.2-ms pulsar PSR1257 + 12 (ref. 2), we demon-
strate that, rather than being associated with a stellar object, the
pulsar is orbited by two or more planet-sized bodies. The planets
detected so far have masses of at least 2.8 M, and 3.4 M, where o —

M, is the mass of the Earth. Their respective distances from the ] / \}l/ Ij j 7*“} I‘
pulsar are 0.47 AU and 0.36 AU, and they move in almost circular
orbits with periods of 98.2 and 66.6 days. Observations indicate ( == % )
that at least one more planet may be present in this system. The . 34M HhEk \/R. 666 E
detection of a planetary system around a nearby (~ 500 pc), old

neutron star, together with the recent report on a planetary com- B 28M ﬂl_ﬁ* ( "é." % 982 E )

panion to the pulsar PSR1829 — 10 (ref. 3) raises the tantalizing

possibility that a non-negligible fraction of neutron stars observ- o
able as radio pulsars may be orbited by planet-like bodies. [ | / \)l/xa) é“% E% ?(“ g@]

FIG. 3 Period variations of PSR1257 +12. Each period measurement is
based on observations made on at least two consecutive days. The solid
line denotes changes in period predicted by a two-planet model of the
1257 +12 system.
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Kepler planets ( as of August 3, 2015)
©NASA/Daniel Fabrycky
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Conservative HZ Estimates

This Work - [1, 1.5] R, [0.99, 1.70] AU

Zink & Hansen (2019) - [1, 1.5] Rg, [0.99, 1.70] AU (w/ R)
Garret et al. (2018) el - [1, 1.5] R, [0.95, 1.68] AU

ExoPAG SAG13 - [1, 1.5] R, [0.99, 1.70] AU

Mulders et al. (2018) - [1, 1.5] Regp, [0.99, 1.70] AU

Burke et al. (2015) - [1, 21 Rg, [0.99, 1.70] days

Silburt et al. (2015) - [0.8, 2] Rgy, [0.95, 1.37] AU
Catanzarite & Shao (2011) - [0.75, 1.5] R, [0.99, 1.70] AU

- [0.75, 1.5] Rgp, [0.99, 1.70] AU (w/ R)
- [0.75, 1.5] Rgp, [0.99, 1.70] AU

. . . @
E’ ( - :EJJ:%) 7’3‘ 7([‘%&1217”:'?55 @ - [0.72, 1.48] Rg, [0.95, 1.68] AU
— ~ —e— - [0.7, 1.5] Rg, [0.99, 1.70] AU
0)#ﬂilﬁir—li &Rl T—ah5 L [0.5, 1.5] Rg, [0.99, 1.70] AU
[ b i) . - [0.5, 1.5]1 Rgp, [0.99, 1.70] AU (w/ R)
:E)j ’Dd)i‘@,f*J%%O (_'r li %  r[05,1.5]Rg, [0.95, 1.68] AU ’

W) ZENHMhoTLYS | [0.5, 1.5] R, [0.99, 1.70] AU

- [0.5, 1.5] R, [0.99, 1.70] AU

Kunimoto and Matthews, AJ 159, 2020, 248
G 2 (5300 < Teff [K] < 6000) 39,173 {& (B2 1276 {E)D Kepler T JL KUY
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Starshade project: ihIREXREZXEERS
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NASA'’s Scientific Visualization Studio
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4 US decadal survey “Astro2020”



Astro2020: Pathways to Discovery in
Astronomy and Astrophysics for the 2020s

SCIEN CES EN\: EE NG MEDOCNG

CONSENSUS STUDY REPORT

Pathways to Dlscovery in

Astronomy and Astrophysms .
. s foh the 2020s

s Worlds and Suns in Context
= Pathways to Habitable Worlds

= New Messengers and New Physics
= New Windows on the Dynamic Universe

s Cosmic Ecosystems
= Unveiling the Drivers of Galaxy Growth

https://www.nationalacademies.org/our-work/decadal-survey-on-
astronomy-and-astrophysics-2020-astro2020



Highest Priority: an IR/Optical/UV space
telescope optimized for observing habitable
exoplanets and general astrophysics

= Recommendation: After a successful mission and
technology maturation program, NASA should embark on a
program to realize a mission to search for biosignatures
from a robust number of about ~25 habitable zone planets
and to be a transformative facility for general astrophysics.
If mission and technology maturation are successful, as
determined by an independent review, implementation
should start in the latter part of the decade, with a target
launch in the first half of the 2040's
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Timeline for the recommended medium
and large programs and projects

= Priority Area: Pathways
to Habitable Worlds

We are on a path to
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Possible Far-IR Probe

exploring worlds resembling
T e e newmesengersy | Farth and answering the
e question: “Are we alone?”
USELT(s @ | |
O eeaeod | W || The task for the next decades

will be finding the easiest of
such planets to characterize,
and then studying them in
detail, searching for
signatures of life.
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SETI: Search for Extra-Terrestrial Intelligence
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Everything not forbidden by the laws of nature is mandatory
— Carl Sagan, Contact




