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Previous work - Dal Tio et al. 2021

Multiple prescriptions for binary systems (TRILEGAL &

[ GaiaDR2 [ |b]>25° ][ 1/pi<200pc | BinaPSE)
[ A, from Lallement et al. (2018) ] e Binary evolution
O ) Qs e S ane ° E)i'nsin:‘ parar;oe;e;s from Eggleton (2006) or Moe &
photometry) iStetanol )

e Resolved/unresolved
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( : )'}t; Binary prescription does not affect much the solution,
— but adds about 20% uncertainty on SFR(t)




Investigating the SFR of the disk

[ A, from Vergely et al.(2022) |

. phot_bp_rp_excess_factor with .
[ Gaia DR3 ] [ correction from Riello et al. (2021)
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(Partial) Models for single stars

log(# [yr]) log(z[yr])
e PARSEC v1.2S tracks (Bressan et al.

2012) 6.60 7.10 AMR in Solar Vicinity
e TRILEGAL population synthesis code 7.10 7.30
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e Partial models (PMs) 770 790 .
o 16 age bins 7.90 8.10 _ bl
o 7 metallicity sets 8.10 8.30 5
e Normalizationto 1M _yr™ 8.30 8.50 >
\ 8.50 8.70
e Photometric errors and completeness e e L
as post-processing on Hess diagrams 8.90 9.10 '
for each slice (AST like procedure) 9.10 9.30
9.30 9.50 %0 85 o0 95 100 s
9.50 9.70 e
9.70 9.90

9.90 10.10



(Partial) Models for binary stars

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

e TRILEGAL population synthesis code

e Kroupa(2002) IMF|for the primaries

e Moe & DiStefano (2017) binary initial
parameters’ distribution

|AG| [mag]

e Partial models (PMs)
o 16 age bins
o 7 metallicity sets
e Normalizationto 1M yr™
e Photometric errors and completeness

From Moe & Di Stefano (2017) distribution
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as post-processing on Hess diagrams
for each slice (AST like procedure)

e Follow evolution through each age bin
e Evaluate resolvability (magnitude
contrast + separation)




Recipe for a total model

SFR

AMR

Fraction of
mass
initially in
binaries

Global
magnitude
shift

M = M(SFH, fyin, AMg, A (Ggp — Grp)g) + PM

NN

Global
color shift

(Fixed)
Halo model
Hess
diagram




Finding the best model

M = M(SFH, fyin, AMg, A (Gpp — Grp)g) + PMg

Two-step optimization CAMD region to fit
e Gradient descent (Adam) e Lowuncertainties
e MCMC (NUTS) e Maximize sensitivity to age

e Exclude AGB

Poisson likelihood

-1<MG<4

Priors
e uniformonSFR,AMR andf,_.
e Gaussian (©=0) on magnltude and color
shifts
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-inding the best

model
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— fit
68% confidence interval
------- 94% confidence interval
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Star formation rate: trend with |z| and scale height

7.7 <log(tlyr]) <7.9

8.3 <log(t[yr]) <8.5

fexp(t,2) = Aexp (=|z|/hz (1)) + ¢
fsech2 (t,z)=A sech? (=z/hz (1)) +¢

t n
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The whole cylinder: surface SFR and mass
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The whole cylinder: AMR
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Adding a spatial correlation

Idea: from their births, stars travel
and get mixed over distance |

Rn,m;i = r(xn,xm, ll) = eXp {—

for agiven age bini
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Adding a spatial correlation

7.7 <log(tlyr]) <7.9

8.3 <log(t[yr]) <8.5
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Conclusions

e Wederived SFR and its spatial density from Gaia
DR3 data

e Enhanced SFR at t~2-3 Gyr

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

e Ageresolution of h (t) better than methods relying
on selected stellar tracers

e Spatial correlation appears to reduce noise

e Results can be implemented easily in TRILEGAL
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e Lowlevel young SFR at all |z| needs more inspection (Models improvements?

Dataissues?)

e Total surface mass larger than estimates from studies using kinematic

information (matter recycling?)







parallax_over_error

BP

RP

error

over.

parallax

5
3
8

@
g
3

o(G)

a(Ggp)

0(Grp)

parallax_over_error

0(Gge) a(G)

0(Gre)

894.74<z<1000

a
g

5
8

W
8

0.014

0.012

0.010

0.008

0.006

0.004

0.25

0.15

0.10

0.05

1.0 4
0.8
0.6
0.4
—— 0.0pc <z<52.63pc
—— 368.42pc < z<473.68pc
0.24 —— 684.21pc <z<789.47pC
—— 894.74pc <z < 1000.0pc
00 — 121052pc<z<131578pc
1.00 d——=— o’ e ——
0.98 A
—-——— C=1
0.96 - : ;
-2 0 2 8 10

12

0.20

0.05




Finding the best model

M = M(SFH, fyin, AMg, A (Ggp — Grp)g) + PM

NN

Fraction of (Fixed)
SFR mass GIqbaI Global Halo model
initially in magnitude color shift Hess
AMR Hlatly shift .
binaries diagram
1. PM; ([Fe/H];) = (1 - f,-)PMl._ +f,-PM;L fi = ([Fe/H]; — [Fe/H];)/([Fe/H] ] — [Fe/H] )

16
2. M=PMo+ ) ai [(1 = foin)PMin,i + foinPMbin,i |
i=l




Scale heights

fcxp ,f;echl
log(t; [yr]) log(z2[yr]) A h c X A h c =
(107 "Moyr~'pe™]  [pe]  [107"Moyr'pe™?] (107" Moyr™'pe™]  [pe]  [107"Moyr'pe™]

6.60 7.10 1.695 + 0.674 76.7 £ 15.6 0.02605 + 0.00462 25.8 1.178 + 0.445 1069 + 19.2 0.26945 + 0.00465 27.1
7.10 7.30 3.860 = 1.244 46.8 £ 8.6  0.04999 + 0.00531 13.3 2.858 + 0.816 60.3+9.8 0.50915 + 0.00539 14.0
7.30 7.50 2.797 + 1.149 362+ 6.6 0.03326 = 0.00292 12.8 1.497 + 0.569 582 +9.0 0.33437 £ 0.00292 13.0
7.50 7.70 3.040 = 1.215 40.1 6.3 0.01333 +£0.00218 19.7 1.798 + 0.611 634 +76 0.13443 +0.00212 18.7
7.70 7.90 2.637 +0.743 46.3 +5.3 0.00899 + 0.00099 114 1.507 + 0.409 737 +7.6 0.00906 +£0.00101 11.9
7.90 8.10 1.769 + 0.565 41.8+5.3 0.00784 +0.00119 28.6 1.071 + 0.275 703 +6.6 0.00788 +0.00111 25.0
8.10 8.30 2.245 +0.704 439 +6.1 0.00513 +0.00078 33.7 1.427 + 0.374 684 +72 0.00516 +£0.00075 31.1
8.30 8.50 1.590 + 0.221 709 +£49 0.00383 = 0.00055 209 1.043 £ 0.144 104.8 £6.9 0.00402 += 0.00057 22.9
8.50 8.70 2.822 + 0.657 553+7.7 0.00226 = 0.00113 176.4 2.018 = 0.401 76.1 £ 84 0.00234 +0.00113 175.0
8.70 8.90 2.625 +0.203 90.7 +4.7 0.00270 + 0.00074 72.2 1.816 +0.134 129.2 + 6.0 0.00297 + 0.00075 75.1
8.90 9.10 2.804 +0.143 1200 +4.4 0.00315 +£0.00108 80.9 1.974 + 0.090 167.0 £5.1 0.00412 + 0.00099 71.9
9.10 9.30 2.625 + 0.147 145.8 +6.3 0.00382 + 0.00222 179.6 1.862 + 0.064 2040 +£5.0 0.00655 +0.00135 76.6
9.30 9.50 2972 +0.196 211.1 +£12.8 0.00000 + 0.00653 573.8 2.096 = 0.053 307.1 £6.0 0.00163 +0.00218 102.3
9.50 9.70 1.230 £ 0.135 252.2 +£33.5 0.00000 + 0.00814 396.6 0.865 + 0.048 3924 + 204 0.00000 + 0.00360 138.3
9.70 9.90 1.170 + 0.040 373.7 +£23.0 0.00000 = 0.01244 92.1 0.890 + 0.021 4240+ 11.1 0.03903 + 0.00494 48.7
9.90 10.10 1.210 + 0.027 512.0 +£32.6 0.00000 +0.02142 104.8 0.896 + 0.023 503.7 £ 17.3 0.09480 + 0.01016 125.9




Adding a spatial correlation
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Comparison with star counting methods

SGB (9.4 < log(t[yr]) <9.5)
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Comparison with star counting methods

fCXP fscch2
Phase  log(t [yr]) log(t[yr]) A h. c P% A : & P %
[103counts pc=3] [pc] [10-3counts pc=3 ] [10-3counts pc3] [pc] [10~3counts pc=3]

93 9.4 0.800 + 0.062 2114+ 168 0.0080 + 0.0048 254 0.577 +0.040 278.6+ 16.1 0.0144 +0.0038 24.1

9.4 95 1990 + 0.123 2642+ 19.5 0.0015+0.0146 525 1461 +0.071 3353+ 145 0.0301 +0.0084 37.7
95 9.6 5009+ 0221 2963+ 16.8 0.0000+0.0319 750 3.693 +0.104 376.8+9.8 0.0685+0.0148 36.2
S 9.6 9.7 3623 +0.154 3187+ 19.4 0.0000+0.0283 533 2.646+0.076 408.7+11.7 0.0497 +0.0137 29.2
9.7 9.8 3378 +0.149 388.1+31.6 0.0000+0.0497 648 2.536+0.078 4633+16.1 0.0832+0.0217 35.5

9.8 9.9 3126 +0.107 4453 +36.1 0.0000 + 0.0585 39.8 2.352+0.077 470.2+19.2 0.1689 +0.0270 35.4

9.9 10.0 3.096+0.114 5428 +63.6 0.0000+0.1062 50.5 2.285+0.090 576.5+35.8 0.1804 +0.0566 57.5

10.0 10.1 1584+ 0.116  367.7+47.0 0.0000 +0.0320 77.0 1.109+0.076 497.9+41.9 0.0117 +0.0239 84.8
U:;‘:;rei‘cz“ 22892 + 1.160 1063 +4.0 0.0199+0.0115 1674 16.184+0882 147.0+5.5 0.0314+0.0127 219.5
Red Clump 10.890 + 0.307 2883+ 102 0.0571 +0.0436 61.8 8.131 £0.257 347.0+9.9 02639 +0.0341 87.6



Integrated SFR

log(z; [yr])  log(z2[yr]) WsER Wexp (1) W . 2(2)
[107"Meyr 'pc~]
6.60 7.10 G20+ 3.29 3.14
7.10 7.30 5.7085% 493 4.63
7.30 7.50 310729 250 252
7.50 7.70 2.80%220 279 2.59
7.70 7.90 2.80%2-39 2.68 243
7.90 8.10 2. 1i¢ 1.69 1.69
8.10 8.30 2.44* 0% 211 2.07
8.30 8.50 230 236 2.28
8.50 8.70 42182 BI8 3.12
8.70 8.90 497033 483 476
8.90 9.10 6.814 ) 6.81 6.69
9.10 9.30 779808 176 7.75
9.30 9.50 12:99°02, 1252 12.89
9.50 9.70 7.09%-3%  6.17 6.74
9.70 9.90 8u60 08 8.49 8.37
9.90 10.10 11.4770-3%  11.44 11.00

-0.38



