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Previous work - Dal Tio et al. 2021
Gaia DR2 |b|>25° 1/pi < 200 pc
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 from Lallement et al. (2018) 

Quality cuts (astrometry and 
photometry)

Multiple prescriptions for binary systems (TRILEGAL & 
BinaPSE)

● Binary evolution 
● Binary parameters from Eggleton (2006) or Moe & 

Di Stefano (2017)
● Resolved/unresolved

Binary prescription does not affect much the solution,
but adds about 20% uncertainty on SFR(t)



Investigating the SFR of the disk
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phot_bp_rp_excess_factor with 
correction from Riello et al. (2021)



(Partial) Models for single stars

● PARSEC v1.2S tracks (Bressan et al. 
2012)

● TRILEGAL population synthesis code
● Kroupa (2002) IMF
● Partial models (PMs)

○ 16 age bins
○ 7 metallicity sets

● Normalization to 1 M
☉

yr-1

● Photometric errors and completeness 
as post-processing on Hess diagrams 
for each slice (AST like procedure)



(Partial) Models for binary stars

● PARSEC v1.2S tracks (Bressan et al. 
2012)

● TRILEGAL population synthesis code
● Kroupa (2002) IMF for the primaries
● Moe & Di Stefano (2017) binary initial 

parameters’ distribution
● Partial models (PMs)

○ 16 age bins
○ 7 metallicity sets

● Normalization to 1 M
☉

yr-1

● Photometric errors and completeness 
as post-processing on Hess diagrams 
for each slice (AST like procedure)

● Follow evolution through each age bin
● Evaluate resolvability (magnitude 

contrast + separation)

Blue line: 50% recoverability,Ziegler et al. (2018)
Green line: same limit, Brandeker & Cataldi (2019)
Figure from Dal Tio et al. (2021)



Recipe for a total model
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Finding the best model

Two-step optimization
● Gradient descent (Adam)
● MCMC (NUTS)

Poisson likelihood

Priors
● uniform on SFR, AMR and f

bin
● Gaussian (𝜇=0) on magnitude and color 

shifts

CAMD region to fit
● Low uncertainties
● Maximize sensitivity to age
● Exclude AGB

-1 < M
G

 < 4



Finding the best model

Best fit 

parameters



Star formation rate

SFR @ current position, not place of birth



Star formation rate: trend with |z| and scale height

Villumsen (1983)



The whole cylinder: surface SFR and mass

Some of the mass has already been returned to the ISM



The whole cylinder: AMR

Imig et al. (2023), APOGEE, red giants
-0.315 ± 0.009 dex kpc-1

Onat Tas et al. (2016), RAVE, red clump stars
-0.157 ± 0.003 dex kpc-1

Duong et al. (2018), GALAH, thin disk stars (low-𝛼)
-0.18 ± 0.01 dex kpc-1

Hawkins (2023), LAMOST, stars O to F
-0.15 ± 0.01 dex kpc-1



Adding a spatial correlation

Idea: from their births, stars travel 

and get mixed over distance l

for a given age bin i



Adding a spatial correlation



Conclusions
● We derived SFR and its spatial density from Gaia 

DR3 data

● Enhanced SFR at t~2-3 Gyr

● Dependence of SFR on |z| clear -> h
z
(t)

● Age resolution of h
z
(t) better than methods relying 

on selected stellar tracers

● Spatial correlation appears to reduce noise

● Results can be implemented easily in TRILEGAL

● Low level young SFR at all |z| needs more inspection (Models improvements? 

Data issues?)

● Total surface mass larger than estimates from studies using kinematic 

information (matter recycling?)
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Finding the best model
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Scale heights



Adding a spatial correlation



Comparison with star counting methods



Comparison with star counting methods



Integrated SFR


