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The astrometric, photometric and spectroscopic observations of the Gaia mission will cover all the targets observed by I E E c
PLATO. Scientific results obtained by Gaia are shown which will be helpful for the preparation of the PLATO mission. This
Includes relationships between Gaia magnitudes and other photometric systems, expected photometric errors and high Gaia
resolution 2D images. Example lightcurves of variable stars, eclipsing binaries and planetary transit systems are | P AC
presented.
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Mission specifications: p Gaia Focal Pl I e P B S e Ge8) o () Now
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* Spin period 6h E o r “’ “ used for the bright sources to avoid saturation. The number of L £ - ET jii f’f'-‘? :{4];‘
g . AT 2+ | N - SHD ! 33,
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- Seel] ol B s A7 ‘ Spectrometer CCDs Callbr_atlon errors. _Rec_ent studies using simulated data were Gaia G (solid line), Gy, (dotted), Ggp (dashed) and Mean number of Gaia transits in dependence
m showmg. that calibration er.rors lower th.an 20%. of the Grvs (dot-dashed) normalised passbands. from the location in the sky (ecliptic latitude B).
* Astrometry and photometry by 62 AF CCDs observation error can be obtained for the entire magnitude and : -
(white light, G magnitude), Magnitude range G: i 64;0213@@15@ _ colour ranges. Nevertheless, as the simulated data did not ;
. i1 i contain all known effects (e.g.. CTIl, non-linearities), it is still E
5.7-20.0 (V ~ 20-25 mag), 1+ billion sources, L e ) .. E
Sky Mapper Astrometric Field CCDs uncertain if this level of photometric precision can be really i
Average total observations/object 2 x 40 cChs 53 b | st obtained for real Gaia data. P
. o SE| | & T
TDI integration time per CCD 4.42 sec From this computation, the estimated photometric precision ) el
* Spectrophotometry (BR/RP magnitudes) with for single FoV transits is shown in the figures to the right. W%/ 3
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2 x 7 CCDs S—— i G and integrated Gg, and Ggp yield uncertainties around the L \ |
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(RVS, 3x4 CCDs, G<17) " B g The magnitude error at the end of mission can be derived by
Mission objective: accounting for the number of FoV trar\sns per source._ The mean '
number of FoV transits was determined to 81 but it can vary # &
The main goal of the Gaia mission is to provide data to study the formation, dynamical, chemical and star formation evolution of the Milky Way. Therefore, Gaia depending on the Galactic coordinates of the sources (please = |- = = T T
will chart a 3D map of the Milky Way (see Perryman et al, 2001.). Gaia will measure positions, parallaxes, and proper motions for about 1 billion sources in our see the table to the right). Furthermore some dead time not used P e = EL
Galaxy and throughout the Local Group. It will also observe the SED of the objects (BP/RP instrument) to derive their astrophysical properties (T4, log g and for regular observations has to be assumed. Therefore a realistic [ = — il 5,
[M/H]). The third of the 3D components (radial velocity) of the sources is measured by the RVS instrument. assumption for the mean number of FoV transits is seentobe [ = = = = = ,“T N
70 & B 10 12 a 14 1& 18 2 T E ] 12 a 14 16 18 X

The light rays coming from the two Gaia telescopes are dispersed in wavelengths, in BP/RP and RVS case. The viewing directions of both telescopes are super-
imposed on the common focal plane. From unfiltered (white) light, Gaia will yield G-magnitudes. The integrated flux of the two low-resolution spectra (BP and
RP) will yield Ggp- and Ggp-magnitudes.

For more details please see Jordi et al (2010, A&A, 528A, 48).
Photometric performance of Gaia for a single FoV transit in the whitelight G band, the blue G, band and

the red Gg, band.

: L L Gaia photometry will allow to detect exoplanetary candidates by the transit method. The

Due to the high precision in space photometry it will be S B.O005E . 5. 8 # F s s s8 & 33 @ _ ) :

. . L o CourEMgT Ty A : 3 . 8 ey cet % gsar relatively low phase coverage due to the low number of FoV transit measured (70 transits 11.005E .
possible to detect relatively small flux variations. £ - Poor oy r s B g ® S . LR B A PR _ _ _ N : . SR T LT TR LTS [T CE e g
In the section about the expected photometric precisionit 905FF 5 E gt w sEas g B o 8995 X 4 min average) during the five year mission will not allow to detect all transiting planets. = S v shr BT
can be seen, that measurement errors of sub- 1000 1500 1000 A study was performed to evaluate the number of expected transit candidates discovered ; : ’
miIIimagnitudes’ are expected nearly for the entire tpoch [days] Epoch [days] by Gaia. As a first step the stellar sample from was derived with the GASS simulator tool | - - | '

(DPAC internal simulator) describing 1/10 of the stellar content of the Milky Way. This Epoch [days] Lightcurve of a star with a

magnitude range of the PLATO targets (assuming that
the PLATO broadband magnitude is very similar to the G

transiting planet showing

sample contains about 10 million stellar sources up to G magnitude 17. The G magnitude f . :
our In-transit measure-

magnitude of Gaia). There is only a magnitude interval L H’H%”%M : Efséﬁ i = 8.995 e e MG computed f_rom t_he V magn_itude and the Vf' cglour by usir]g th_e correspond?ng 5 ments. Note that one in-
around G = 8.5 where this Mmeasurement efror exceeds -,..J e , — s ° photometric relationship from Jordi et al (2010), which is also described in the left section % transit signal occurs during
the mmag level due to the reduced exposure times for hose Phose DElg . _ _ L L i gy pEse A i
bright sources (to avoid saturation). Typical lightcurves of & Sct type stars as they will be measured by the Gaia satellite. The scanning law Eesedrion’ the Stat|§tlcs B~ Tasolar I_:’Ia_n ets_ SEECEEtE _from ) _Schne|der ( - Pose bheloz 1d me deeedy
Some examples of lightcurves for d scuti type variables  was simulated with GIBIS (DPAC internal simulator tool, Babusiaux 2005, ESASP, 576, 417). ?u) It Wés SEEUIMER,, LIEY t_he Sl Pf BEREIE Wlth_ 2L (RIS o 8hs- freshote

: : : L 1.2 R,,, and orbital periods P < 10 days is flat. Large giant planets with 1.2-1.5 R, are
can be seen in the upper figures to the right. Variations R P _ _ P _ _
of a few mmag can easily be discovered in the s — :m_i' A I assumed to be 5 times less frequent. Further assumptions made are: . LO-OBSEHUAtionS; S EtecHons
IElAsLHEs: Sefcie apin =xk — Line of sight 1 - 4 - d
Note, that the instrument of Gaia is not optimized for 5 00 * 1-2% of th(_a stars havglaplanet W|th the characteristics descrlbe.d.above_. | g .
photometry. The main objective of the Gaia space K g o | * The de’Fectlon probability due tk.\e.al!gnr.n.ent of the planetery orbit in relatlgn to the line g
Tiestan [s o demiihe dhe dumsmes i 4o Mk Wey il e = L 9 .r;..:,;.;_J:- { j : of sight was set to 10%. This is jUS’FIerd by the_ fact that very short_—per|0(_:l plane_ts 5 4o
Therefore, the observations are optimized for astrometric - oonl % b are preferred to be detected by Gaia observations than planets with orbital periods 3 oelen o
measurements. One aspect of this optimization is that % | £ sl G B | | g o Szl g i
the positions in the sky are recorded on a regular basis 8 996 * There are about 100 million single target stars with G < 17 to be observed by Gaia g candidates  with a 5o
but with gaps of several weeks duration as seen in B P P with & mean number of 70 FoV fgansits. i offl . T detection threshold. Short-
central figure showing that between two sets of i Epoch [doys] 5 4 . - o periodic planets show a
measurements is a gap of about 18 days. In extreme Line sk 2 The planets were distributed to the host stars in a Monte Carlo approach. The phases of Orbital period [days] preference in detection.
cases these gaps show a duration of about 63 days. The Gaia scanning law is optimized for astrometric purposes and therefore there will be gaps in the the planetar_y orbit§ piste Simulat_ed randomly. A transiting exopanet_ was considered a_s
Thus, short events with a duration of few hours like coverage of several weeks duration. detected with 3 independent signals measured™abgveAdidetection. threshold. ~This
eclipses can be missed depending on the phase of the detection threshold was set to 50 of the noise of the individual lightcurve. This is an

optimistic assumption valid for the simulated lightcurves with white noise. More realistic it , , : : : ,

mag

lightcurves will contain other noise sources. Therefore also a higher detection threshold
. : of 70 was for the single signals considered additionally.

1000 1000 With the probability of 2% that a star has a planet with an orbital period less than 10 days
) ) and the 50 detection threshold 4062 transiting planets were detected in this analysis.
For a detection threshold of 70 the number of detected transiting planets is reduced to
1674.

Note that this 2% probability of having a planet with P < 10 days is a conservative

Simulated data of an eclipsing binary (P = 1.5081 days)
can be seen in the low figures to the right in epoch and
phase space. The right plot shows the photometry
derived for this binary with 70 FoV transits. Only two
measurements were obtained during the main eclipse,
non during the secondary eclipse. Additional gaps in the
coverage are visible in the phase plot. If the same binary
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Distribution of magnitudes
and radii for the host stars
of the detected transit
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: Pa b ¥ of the planets is found

is observed more often, then the chances to miss to o . o s o o . e e assumption compared to thetecnt resuli=iEEEEE SR N N S/ R0 S0 ob v oo ] orbiting host stars of G

eclipses decrease significantly as can be seen in the left Phase Phase seems to be more realistic if most of the planet candidates discovered by Kepler indeed 4 6 58 10 12 14 16 18 paanindes from 11 to 14
can be confirmed to be planets. Host star & magnitude [mag] hdBenti1 solar size.

plot of the figure showing 121 FoV transits, 12 of them Simulated Gaia lightcurves of an eclipsing binary with an period of about 1.51 days. Depending on the
were measured during eclipses. number of FoV transits short-duration events can be missed like the secondary eclipse for a 70 FoV
transits (right) in comparison to 121 FoV transits (left.)

Therefore it seems realistic that Gaia will detect a few thousand transiting planet
candidates, many of them in the PLATO target fields.

Relationships between Gaia magnitudes and other photometric systems are provided in (Jordi et Based on the Gaila data several stellar parameters
al, 2010). The BaSelL-3.1 (Westera et al, 2002 A&A, 381, 524) synthetic SED library was used to of the PLATO targets can be derived with high o ! ' P ! R v |
c q 5 - q q q c 0o . g L — i — T=2iEm 1Y
derive this photometric relationships. The grid coverage in the stellar parameter space is the precision. Using the low-resolution spectroscopy L : :r';f'ff_ﬁg;'-_
. . . 500 — . - H
following: allows to derive the following parameters for stars - i e [
) 400 — e - H
withG < 16 (and therefore for all PLATO targets): = e ety
« 2000 < T, < 50000 K iF T s |
T BN gy 1.1
*-1.0<log g <5.5 dex - Ter £ 5% 100 fs |
*-2.0 <[M/H] < +0.5 dex -A, £0.05 - 0.2 mag 2000 - : L — : I =1
*{=2kms?! -log g + 0.2-0.3 dex - .
*9.1 <A <160 000 nm - [M/H] * 0.2-0.4 dex 1500 |- _
~ [ /Fe] + 0.2€0% & 1000 7| Gaia BP/RP low-resolution spectra for a sample
The SEDs have been reddened by several amounts (A, = 0,1,3,5 mag) following the reddening . 1 of 14 stars with G = 15 mag and solar
law of Cardelli et al. (1989) and assuming R, = 3.1. In this way colours have been derived from _ _ ] Additionally, the astrometric accuracy of less 500 [~ fer T 1 metallicity. The flux is given in photons s
. 2 - e B : e . :
synthetic photometry on these SEDs. L G _- ] than 10 pas for the parallax and the position of a . | . W e 1 : i .
_ _ _ _ . _ : ] L 4 ] - th G < 11 e ey . e =L =L =L - - sample!. These kind of low-resolution spectra
Please see the derived colour-colour diagrams which are relating the Gaia magnitudes to the _ Y _ stars wi can be obtained. Froper mouons 2 fram] are used to derive several stellar parameters
Johnson-Cousins colours, in the figure to the right. Shown are the relations with V-Ic which is = & =+~ ',}_'It' I SLEERE o 'vl—lx,; LI can be derived with an error of 5 pas/yr. The
the one with the lowest residuals. The residuals are increasing in all cases for T, < 4500 K due . . . . astrometric accuracy of single FoV transits for s s T e e B
_ o ¢ Colour-colour diagram involving all Gaia passbands and the stars with G < 12 will be about 35 pas [ ¢ ] [ Gae
to effects by surface gravity and metallicity. : ' 5 ] ;
- - - - - - - V-1 Johnson-Cousins passband. From RVS spectroscopy radial velocities will be ~r 1 1
This increased dispersion for cool stars is also seen in the relationships computed for other T T _ _ w | w0
photometric systems: G-V 00257 00924  -0.1623 0009 005 determined for all stars with G < 17. For stars S 1 S,.L i
G Gw oms o419 00m% 0000 003 brighter than G = 13 rotational velocities, some A 1 5 |
G- Gpp 00274 0.7870 ~0.1350 00082 0.03 e ; i i e 1 <=sL
- the Sloan Digital Sky Survey photometric system (Fukugita et al. 1996, AJ, 111, 1748) used in tj—;'fﬂ-ﬂ St it F oo Rl R s SO IEIIE BRI, EEE 6 Epleilg sl ! 18 72 | °f
" — rgp ! 3 L3266 —.005 05 1 L ] L
several large surveys like UVEX, VPHAS, SSS, LSST, A o B OO ol be obtained. C /I i
: : . sBp — GRP 1066 206 04 ), 0.0 - - T . 5 C . _
- and the Hipparcos photometric passbands (ESA, 1997, The Hipparcos and Tycho Catalogues, V-R) W-RF W-RP o Infor_mzfltl_on 2190 11E Vel yy ene £12 Loy SN ] ;
G-V 00120 —0.3502 —0.6105 0.0852 010
ESA SP-1200). G-Gmys 00267 23157 07953 00809 0.10 multlp|IC|ty-WI|| be avallgble for all sou.rces. Gop—Gie
G-Geme 00344 09703 02723 00466 010 Accurate distances will be determined for all 77—
G- Ggp 0.0059 1.5748 _0.5192 0.0558 0.05 he HR di I ) Lo )
. . V— Gpys 0.0388 2.6659 —0.1847 —0.0043 .15 - . - .
The latter will allow to establish the correspondence between the two very broad bands of the v G 0044 0600  OM® 008 003 sources across the ‘agram. i i i
two mission Hipparcos and Gaia. This is of special interest as there is an idea under discussion i o M erion R oo R - Thousands o exopla|_1etary systems can b € w0 | | w | j
to have a release of a catalogue early in the Galia mission combining Hipparcos and Gaia data. G-V ladn ol Tamaeret T iou -k dlscg\{ered _ IR The astrometric =2 p 1 SIEE 4 Padova isochrones (Marigo et al. 2008) computed
The photometric relationships can generally be described with the polynomial expression E_f,”l" e Ao R R s B prleC|S|on il 21l 1 ez JUpliss mas§ planets E i ] é i | in the Gaia passbands for solar metallicity and for
G-Gw  O0® SN DU 0076 003 with P < 10 yrs around 105 FGK stars within 200 °r ey °f g8 yr= | different ages. Stellar tracks and isochrone files in
e Bl e | - Gpys ).0223 24347 3113 0053 0. . : L 1 [ ]
Ci1=a+bCy +cC; +dC, V_Gw 00738 03] 03208 00276 0.06 pc distance. For nearby stars with a o . | the Gaia passbands are available at (
- - V—CGgp —0.0423 1.9646 —0.3535 01553 014 . . L J L J . .
where the colour C, is related to the colour C,. The derived coefficients a, b, ¢, d can be seen for Sw-Cw .6l GBS 2O ol OF Dlljstancel(l)esthhan RO 208 [pleligis W':)h mzdisses Oo]; TR (S it). The age of stars can be determined
. : : . . » . - R S T o PO g L R about masses can e etecte GG Gg—G ' '
the Gaia/Johnson-Cousins relationships in the table to the right. Additionally, the residuals of the T Ml e e R oo o Eamn i e he et BERe ISEEpes:
fitting processes are given. Please see the results for the relationships with other photometric ST e e oy sosd on astrometrically. o
systems in Jordi et al (2010) V—Gms 01018 13393 01006 00125 045 References: http://www.rssd.esa.int/index.php?
) V—Grp 0.0264 —0.4144 0.1599 00105  0.05 g t:GAIA& :S c P f
¥ G 01245 10147 01320 00044 046 projec page=oscience_rerrormance
o . . . ] Gpp— Gpp 00981 1.4290 —0.0269 00061 043
Similar relationships could be computed for the PLATO broadband magnitude to allow the direct Coefficients of the relationships between the Gaia

comparison of PLATO data with Gaia data. passbands and the Johnson-Cousins passbands.
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