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PLATO-Gaia simulations 

(WP 131-150) 

• Implement additional elements to Gaia simulator 

• Provide a tool for the selection of PLATO fields 

• Refine Gaia error models 

• Simulate PLATO fields from Gaia input 

• Photometric transformations 

• Part of this work is available in the technical report 
PLATO-TN-UB-JMC-001. 

• We offer the tool and/or the simulations to the 
PLATO community. 

 Contact us. We are eager to help you 



Gaia Object Generator (GOG) 

Universe Model (true  values) 

• Astrometry 

• Photometry 

• Physical parameters (Teff, [M/H], log g, …) 

• Duplicity, variability, … 

Universe Model (Besançon Galaxy Model; Robin et al. 2019) 

Magnitude interval; Position: HTM, all sky, … 

Object type: stars, multiple sources, clusters, variable stars, 
exoplanets, LMC, SMC, unresolved galaxies, quasars, SNs, 
extinction model, ... 

Gaia archive data 

• Data model tables (values, errors) 

Gaia error model 

It can be adapted to perform 
useful simulations for PLATO  

Avoid multiple simulators with different assumptions and models. Share expertise. 



PLATO passband 

• PLATO passband from Marchiori et al (2019) 

• Gaia-DR2 passbands (Maíz-Apellániz & Weiler, 
2018), not pre-launch data from Jordi et al 
(2010). 

• We extend Marchiori’s Gaia-PLATO 
relationships to redder sources (A550<11 mag) 
and other phot. systems (Johnson-Cousins, 
Hipparcos, Tycho, SDSS, 2MASS) . 

 

Marchiori et al (2019) 

Blue and red 
PLATO passband? 

PLATO will 
detect P, not V 



Gaia 

Johnson 

Hipparcos 
Tycho 
SDSS 

2MASS 

We did the 
photometric 

transformations 
for Gaia-DR2 
(Evans+2018). 

Any request for 
Gaia-DR3?  

M stars? Other 
catalogues? 



GOG-PLATO simulations 

Phot. transformations can be used to know P magnitudes: 
Content in Northern and Southern PLATO Fields: 
• NPF (l: 65º, b: 30º; r=27º), P < 11 mag  
       GOG simulations: 94000 sources  Gaia-DR2: 92045 sources 

 
• SPF (l= 253º, b= -30º; r=27º), P < 11 mag 
       GOG simulations: 93600 sources  Gaia-DR2: 84307 sources 
                                                        (LMC not yet complete in Gaia-DR2) 

 

(skymap in equatorial coordinates) 

NPF 

SPF 

We can derive P for all 
stars in PIC catalogue 



Background estimation 

• We sum fluxes of all Gaia-DR2 sources with G>11 mag in the 
area defined by 9 pixels wide (135x135 arcsec2) 

• No zodiacal light contribution considered 

• Gaia ZP from Evans et al 2018 

 



Sources in PLATO fields 

(Parallax) 

Distances from Bailer-Jones et al, 2018 

 

GOG simulations 

Gaia DR2 

Distances from GOG simulations 

 



Colours & 

parallax 

• We can predict with the photom. 
relationships the P magnitude from 
Gaia-DR2 magnitudes 

• G-P=f(GBP-GRP) can only be applied 
in -1<GBP-GRP<11 mag. 
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If blue and red 
passband 
were know, 
PLATO HR 
diagrams 
could be 
simulated 



Sources in PLATO fields 

(Spectral types) 

Gaia-DR2 GOG 

Gaia-DR2 

Gaia-DR2 

GOG 
simulations 
provide 
precise 
temperatures, 
not from 
estimations. 

Gaia-DR2 

GOG 



Gaia-DR2 performances 



Gaia Performances (GOG) 

Parallax 
error 

Relative G 
Flux error 

Gaia-DR2 End of nominal Gaia mission 

10 % 

5 % 

54 mas 

51 mas scal=50 mas 
was used 

(conservative) P [mag] P [mag] 



Variability 

Gaia-DR2 flag 

Simbad flag 

NPF 

GOG simulations 

Variability is not available in Gaia-DR2. 
GOG simulations are still needed. 



MULTIPLICITY 

112 570 stars in double or multiple systems (60%), according to GOG simulations 
 
Close sources in Gaia-DR2 (both PLATO fields) 
• 2990 in 1 PLATO pixel = 15 arcsec 
• 7485 in 3 PLATO pixels = 77% of the flux, 45 arcsec 
• 15240 in 5 PLATO pixels = 99% of the flux, 75 arcsec 
 

(Gaia-DR2 data) 

5 pixels 3 pixels 1 pixel 

Gaia can resolve 
closer sources than 
PLATO. Reject them 
as PLATO targets. 



Exoplanets (GOG) 

• Probability of hosting a planet = f([Fe/H])     Prob. < 0.5 

• Probability of having a planet of mass MP is a e-Mp       
with 0.2MJ<MP<15MJ (MJ=Jupiter mass). 

• Planet radi (RP) => RP = F(MP) =  𝑎𝑖MP
𝑖

𝑖  

• 16500 exoplanets in PLATO fields simulations 

[Fe/H] distribution 

 
For more details see: 
Robin et al. 2018, A&A 543, A100 ;  Sozzetti, Torres, Latham, 2009, ApJ, 697, 544 

MP distribution 

All these 
assumptions can 

be modified 
according to your 

suggestions 



Thank you 

J.M. Carrasco & E. Masana 

 

carrasco@fqa.ub.edu emasana@fqa.ub.edu 


