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Gaia and Exoplanets:
Promises and Synergies

A. Sozzetti

INAF - Osservatorio Astrofisico di Torino

Xth Rencontres du Vietnam: Exoplanetary Science — Quy Nhon, 25/04/2014



©= gaia Detection/Characterization @
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*  Defection (Visible): -Characterization (Visible/IR):

- Doppler spectroscopy (92%) - Transit timing

- Transit photometry (44%) - Transmission spectroscopy
- Gravitational microlensing (2%) - Rossiter-McLaughlin effect
- Pulsar/pulsation timing (2%) - Reflected light

- imaging (4%) - Infrared emission
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S gaia Astrometric Orbits

Celestial body

- Astrometry measures stellar positions and uses them to
determine a binary orbit projected onto the plane of the sky
- measures all 7 parameters of the orbit, in multiple
systems it derives the relative inclination angles between
pairs of orbits, regardless of the actual geometry. Mass is

derived given a guess for the primary's.
- In analysis, one has to take the proper motion and the

stellar parallax into account
- The measured amplitude of the orbital motion (in mas) is:

-1
ae=0.5( "') - ) d
107 N5AU \10pc

Astromelric displacernent of the Sun due to Jupiter
as saen from 10 parsecs
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TABLE 1
10 ParaLLax, ProPER MoOTION, AND
ASTROMETRIC SIGNATURES INDUCED BY
1 PLANETS OF VariouUs MASSES AND
) )1 OrsITAL RaDI
©
g 0.01 Source o
E 0.001 Jupiter at 1 AU (pas) .......... 100
= Jupiter at 5 AU (pas) .......... 500
© Jupiter at 0.05 AU (pas) ...... 5
p Neptune at 1 AU (pas) ........ (i)
1e-6 Earth at 1 AU (4as) ........... 0.33
- ; . . : : s y Parallax (pas) .................. 1 x 10°
Proper motion (pas vr °) ...... 5 x 10°
Ol O 07 W O A O 0 e > eyt )
Period (years) Ercpa i, Note.—A 1 M star at 10 pe 1s assumed.

Sozzetti 2005
Like RV, it faces:

- 'j“fo(lOJOJJ J J/\/fL)J/ precision, ground vs. space, instrument
confiiguration, [ engith, CCJJJr’leJO(l”, etic.)

~q5“'rr*op'nysiccx C acterizafion)

datia modelin
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Satellite spin axis

2

Precession of the N\
spin axis in 63 days\‘

Line of sight 1

Consecutive
great circles

Line of sight 2

Number of FoV crossings per star (5 yr)

Equatorial projection
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Gaia: a 10 pas machine!

At the V=20 survey limit:

1 billion stars observed!
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“= Up There and Cruising!

Successfully launched on
December 19th. 2013!
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B gaia Gaia Focal Plane

104.26cm

42.35em

Radial-Velocity
Spectrometer CCDs

SO Aapwoyoy anjg
S(ID D) 12 wo)oy J poy

—

Star motion in 10 s

Sky Mapper Astrometric Field
CCDs CCDs
Total field: Sky mapper: Photometry:

- active area: 0.75 deg? - detects all objects to 20 mag - spectro-photometer
-CCDs: 14 +62+14 + 12 (+4) - rejects cosmic-ray events - blue and red CCDs

- 4500 x 1966 pixels (TDI) - field-of-view discrimination Spectroscopy:

- pixel size = 10 um x 30 pm Astrometry: - high-resolution spectra

=59 mas x 177 mas - total detection noise ~ 6 & -red CCDs
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= The Good News 8

Perfect L2 orbit insertion (take that, Hipparcos!)

Excellent image quality (focus and SL tuning up)

Cat’s Eye Nebula

2.85 sec, 1% AF FOV
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- Gaia is a ‘little’ fainter than expected at L2
« Stray light ‘strikes’ in

+ A few other glitches to fix...
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)= gaia

Intermediate o
Data Releases

® [ntermediate Data Release Scenario agreed with inputs from
Data Release Policy and DPAC Operations Plan

® Science Alerts as soon as possible

® [ +22m positions, G-magnitudes, proper motions to
Hipparcos stars, ecliptic pole data

® [ +28m + first 5 parameter astrometric results, bright star
radial velocities, integrated BP/RP photometry

® [ +40m + BP/RP data, some RVS spectra, astrophysical
parameters, orbital solutions for short period binaries

® L|+65m + variability, solar system objects
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End-of-mission parallax standard error [uas]

6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
G [mag]

1. 2(was 6) < G < 12: bright-star regime (calibration errors, CCD saturation)
2. 12 < G < 20: photon-noise regime (sky-background and electronic noise at G ~ 20 mag)
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CU4, Object processing, in charge of Non Single
Stars. A total of 80 man-years manpower spread
over several Development Units:

« DU 432: Unresolved NSS

« DU 433: Resolved NSS

« DU 434: Spectroscopic NSS
« DU 436: Eclipsing

« DU 437: Extrasolar planets
« DU 438: NSS simulation

« DU 439: Solution combiner
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*® Gaia CU4 — NSS Treatment &
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Astrometric NSS Treatment °
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Xz gaia

Gaia transiting GP candldates? X

- Required photometric precision not an issue
- Low-cadence of the observations a serious limitation

- It's not hopeless if you have the right tools! (Dzigan & Zucker
2012)

- It can work for early detections of (1000?) short-period
transiting GPs (and maybe ~100 BDs)

- It may require a dedicated follow-up network

- Confirmation efforts will likely be limited by target brightness
(typically, V > 14 mag)
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aw> °** How Many Planets will Gaia Find? @

Ad N, Aa AM, N N
Star counts (V<13), (pe) (AU) (M)
Fo(M,.P), 050  ~10000 10-40 10-13.0 ~1400 ~700
Gaia completeness |:> 50-100  ~51000  10-40 15-13.0 ~2500 ~ 1750
limit 100-150  ~114000  1.5-38 20-13.0 ~2600 ~ 1300

150-200  ~295000 1.4-34 30-13.0 ~2150 ~ 1050

Casertano, Lattanzi, Sozzetti et al. 2008

How Many Multiple-Planet Systems will Gaia find?

Case Number of Systems
Star counts (V<13), _
Detection ~ 1000
Fp,mult' Orbits and masses to
Gaia detection |::> better than 15-20% accuracy ~ 400 — 500
H H Successtull
limit
coplanarity tests ~ 150

Unbiased, magnitude-limited planet census of hundreds of thousands stars
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% Stars with Planets

B g The Gaia Legacy

How do Planet Properties and Frequencies Depend Upon the Characteristics of the

Parent Stars (also, What is the Preferred Mechanism of Gas Giant Planet Form

]K>100m/s,P<3yr
Johnson 2007 )
r f o zozp /H)
O e 0RO 4 ]
Nugsrs = 3 Nyosrs = 34 Niosts = 9 [
Neraps = 169 Ngraps = 803 Neaps = 101 [ i
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Gaia will test the fine structure fjwu‘r planet
parameters distributions and frequencies, and

“
in \/az-‘r‘ﬂ“r'» their possible changes as a function
d

of stellar mass, metallicity, and age with

unprecedented! resolution

ation?)?

Caser‘rano e1' aI 2008

104 stars per 0.1 M

Sun

bin
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Gaia & Post-MS Stars
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White dwarfs in the solar neighborhood

Good to within a factor 2..

2

D<100 pc

D<200 pc

R<13

20

400

R<14

200

1600

R<15

800

6400

Silvotti, Sozzetti, & Lattanzi, AIP

Gaia will perform THE observational test of theoretical predictions related to:
A) post-MS planet evolution & B) 2"d generation planet formation
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= " Gaia and the BD Desert |

Close (a<3-4 AU) BD companions to Sun-like stars are rare (<1%)

Short-period, medium-mass gap, different eccentricity
distributions. Evidence for different formation mechanisms?

Occurrence rates have best-case uncertainties of 30% (some 60
objects known)

Gaia will be sensitive to BD companions around ~10° stars, up to
a 10%-fold increase in target sample! -> 1000s of detections...

It will completely characterize the BD desert, with fine structure
analysis of its dependence on stellar properties (mass,
metallicity) -> probe of BD formation mechanism

Sozzetti, Mem. Sait in press

Xth Rencontres du Vietnam: Exoplanetary Science — Quy Nhon, 25/04/2014



LSTROFISIC

104 T T T T TT T T T T TTT

Gaia detection limits for
Luhman 16 AB

° 3—
(see Boffin et al. 2014) Ll
Z
n
e
s 10°F
-+ C
o B
S L
= I
A I ® |
10" - E
i Ny 7
L L ] |
- 1
100 II\II\‘ | IIII'\‘ ACCV Rt J;‘JJ
0.01 0.10 1.00 10.00

Semi—major Axis (AU)

Xth Rencontres du Vietnam: Exoplanetary Science — Quy Nhon, 25/04/2014



Planets Around BDs .

* Found so far only in microlensing events

« Gaia will see ~1000 BDs of all ages (and more
if G=21 mag achieved, but beware of stray
light!), with sufficient astrometric sensitivity
to giant planets within 2-3 AU

+ A fundamental test of planet formation!
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B2 gaia Gaia - Synergies

« Gaia & spectroscopic characterization observatories (e.g., JWST)

« Gaia & transit surveys from the ground (e.g., WASP, HAT, MEarth, APACHE,
NGTS) and in space (CoRoT, Kepler, TESS, PLATO)

« Gaia & direct imaging observatories (e.g., SPHERE/VLT, PCS/E-ELT)
« Gaia & RV programs (e.g., HARPS(-N), ESPRESSO, CARMENES, and the likes)
« Gaia & ground-based and space-borne astrometry

Objectives of study within the GREAT RNP/ITN
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Sozzetti et al. 2014
For well-measured,

quasi-edge-on orbits,
i is measured to ~3%

Gaia may find hundreds
of candidate transiting
giant planets
around F-G-K-M dwarfs
of all ages and [Fe/H].
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Follow-up efforts, possible targets for JWST
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o Target Selection

B
S
g

Revised proper motions of Hipparcos stars available as
early as late-2015

Six months later, >90% of parallaxes for all stars
observed by Gaia are delivered...

» Elected primary source of the TESS/PLATO input catalogs

of >2x10° bright dwarf stars (with negligible
contamination from giants)

e Significant reduction in astrophysical false positives

(know thy neighbors!)
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e - Accelerations in Gaia astrometry from

giant planets orbiting the SPHERE 6TO

=]
E
= target sample
% Lo-2l  (e—
&
N§ T s i 3% 1Q78 [T T T 1.0
Xm‘ﬁ ‘ N ‘
1 10 100 0.8
Semi-major Axis (AU) o
. . . >, e 2
Sozzetti, Bonavita et al. in prep. é 2x107°r E
é % 0.6
_E;u =)
E E 0.4f
Estimated mass distribution £ 1107 :
from Gaia measurements of ° sl
of the companion to B Pictoris
:> 0l i LT 0.0 i, i i

0 1 2 3 0 1 2 3
Companion Mass (M) Companion Mass (M)

Xth Rencontres du Vietnam: Exoplanetary Science — Quy Nhon, 25/04/2014



Planet Radius, R_(R;)

e= gaia  Gaia — Kepler - HARPS-N '®

Howard et al. 2012

Planet Occurrence - d’!-’dlogF‘.fdlogHP

e —— * ALL parallaxes of stars in the Kepler field
DDODISE 000007 D004 ODOOZ DOODSE 000H 00022 DOOA 00088 OOB OO released forma"y around mid-2016

Planet Occurrence - f,

a2

* For a typical target with V<15 at <0.5 kpc,
expect o(n)/n<2-3% from Gaia

16

s P T % Re-calibrate absolute luminosities

* Re-determine the stellar radii to <5% -> re-
i L L L E  assess the planets’ structural properties

A global statistical re-analysis of planetary
properties and frequencies (including ng) in the
Kepler field as a function of e.g. M., [Fe/H]

rrg H :.--, 3 par 1 /p-

N s S g = (R ),
s ami crw =i ama s NN feen = : ’ iz f/a ’
068 1.2 2.0 a4 ED 10 17 fo.t] ED J:].

Orbital Perod, P (days)

OBJECTIVE OF THE FP7-SPACE ETAEARTH PROJECT

Npl,cell
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a»> " Gaia & Ground-Space Astrometry @

Proper motions/parallaxes
for comparison

= B

FORSZ/VLT,

1zl STEP,NEAT?

Parallaxes of target V

and references
Candidates for follow-up

Combined analyses can profit from large time baseline, particularly
when Gaia intermediate astrometry data will become available
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(take it home!)

Providin§ the largest catalogue of ‘new’ astrometric orbits &
masses ol extrasolar planets and superbly accurate parallaxes is
Gaia’s defining role in the exoplanet arena.

The synergies between Gaia and ongoing and planned exoplanet
detection and (orbital architecture, atmospheric) characterization
programs from the ground and in space are potentially huge

This was a snippet of the Gaia potential in the exoplanets arena
Gaia’s ‘first’ release: L+22m (Late 2015)
Gaia’s ‘first’ major release: L+28m (Middle of 2016)

Gaia’s ‘first’ complete catalog release: L+40m (Middle of 2017)
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