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In-kind contribution ITA-INA S25: Popstar-LSST
★ Population models of LSST stellar content 

Popstar-LSST, PI Léo Girardi

★ Non-directable software contribution 

INAF-Padova (ITA-INA S25)

★ TRILEGAL-LSST synthetic stellar catalogs

○ Density maps, luminosity functions, 

crowding maps 

○ Jupyter notebook tutorials

★ Support survey observing strategy

★ SMWLV SC (main recipient)
Dal Tio, Pastorelli, Girardi + 2022

From LSST sim DR2
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Collaborations: Željko Ivezić, Mario Jurić@U. Washington; Knut 
Olsen, Alice Jacques@NOIRLab; Mauro Barbieri@ESO-Garching; 
Lovro Palaversa @RBI Zagreb; Tomislav Jurkić@ U. Rijeka; Will 
Clarkson @ U. Michigan; LSST-Brazil team @ LinEA; SMWLV & TVS 
Past Members: Piero Dal Tio, Thaise Rodrigues, Yang Chen

Popstar-LSST team
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Globular clusters & public outreach
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LSST stellar catalogs with TRILEGAL

We simulate conic sections of the Milky Way:
- Galaxy components →Thin disk  + Thick Disk + Bulge + Halo 
- Dust layer → Extinction-at-infinity maps and exp. dust layer with fixed scale height 

(Girardi+05,+12, Pieres+2020, Mazzi+2021)
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LSST stellar catalogs with TRILEGAL

LSST Simulated sky areas defined by HEALPix scheme: variable resolution depending 
on surface mass density (TRILEGAL) & extinction variations (Planck collaboration +2014)

28 374

6 185

21 255

48 370

94 600

# sim

# sim tot
198 784

             8000 hrs
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TRILEGAL stellar catalogs 

○ Co-added survey depth of r = 27.5 mag

Table name: simdr2 AKA single stars
-----------------------------------
 Nr. of rows:        ~11.4 billions
 Table Size:             ~3122.9 GB
 Nr. of columns:                 55
 Nr. of indexed columns:         24
 Indexes Size:           ~5133.7 GB
 Total Size:             ~8256.6 GB
-----------------------------------

Table name: simdr2_binary AKA binary stars
------------------------------------------
 Nr. of rows:       ~1.2 billions
 Table Size:            ~502.1 GB
 Nr. of columns:               92
 Nr. of indexed columns:       42
 Indexes Size:          ~933.5 GB
 Total Size:           ~1435.6 GB
------------------------------------------

Single star catalog

Interacting & detached binary star catalog
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○ Positional and kinematic properties (distances, proper motions, space velocities)

○ Photometry in LSST u, g, r, i, z, y  - Gaia G, GBP, GRP Vega mags - Euclid (in next DR3)

○ Stellar properties & surface composition

○ Pulsation periods ○ Other useful information

TRILEGAL stellar catalogs 

Co-added survey depth of r = 27.5 mag
DR3: “mag limits crowding dependent”
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○ Additional quantities for binary systems

Parameters for primary and secondary stars (c1_*** and c2_***)

Photometry for primary, secondary and total binary system (c3_***)

TRILEGAL stellar catalogs 

DR2 contains only 10% of expected binaries

We aim to go up to 40% in next simulations
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Project timeline and current status

  

LSST sim DR1

2020

  

LSST sim DR2

2022

 LSST sim DR3

2024

  

2025

  

LSST sim DR4/DR5

2026

○ Single & Binary star catalogs in 
Astro Datalab

○ Stellar density-luminosity 
functions for 6 filters used in 
MAF (maf.CrowdingM5)

○ Dal Tio, Pastorelli et al. (2022) 
○ Jupyter notebooks
○ Calculations @ DIRAC institute 

facilities 

  

○ Single star catalog completed
○ Binaries, MCs & GCs in progress
○ Updates:
     - footprint and throughput curves
     - SFH of Galactic disk
     - LMC SFH
     - Kinematic model

  

○ Improved models Wolf-Rayets, 
AGB, post-AGB, WDs

○ Periods, amplitudes, light 
curves RR Lyr, Cepheids, LPVs

○ Alpha-enhanced models
○ Rapidly rotating stars 
○ 3D extinction maps

Next TRILEGAL calculations on BURA supercomputer @ University of Rijeka

https://datalab.noirlab.edu/query.php?name=lsst_sim.simdr2
https://datalab.noirlab.edu/query.php?name=lsst_sim.simdr2_binary
http://ui.adsabs.harvard.edu/abs/2022ApJS..262...22D/abstract
https://github.com/astro-datalab/notebooks-latest/tree/master/05_Contrib/LSST_Sim
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3

Expected counts of LPVs for i < 24 mag

Jupyter notebook tutorials

CMDs and CCDs 

in all LSST & Gaia 

filters

Jupyter notebooks:
05_Contrib/LSST_Sim

https://github.com/astro-datalab/notebooks-latest/tree/master/05_Contrib/LSST_Sim
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LSST sim DR3 main updates

Updated throughput curves
LSST, Gaia, Euclid filters 

Priority to LSST footprint, all sky 
sims will be also available

400 pc

2.
6 

kp
c

17.7 pc

mid plane

Galactic

New galactic disk SFH based on Gaia 
Data and LMC w/ VMC (Mazzi+21,24)

Bond+2010

Kinematic model based on SDSS data  
(Bond+2010, validated by Domínguez+2024 

TRILEGAL

Simulated Globular Clusters
Database Baumgardt+2020: ~168 GCs w/ sky 
coordinates, stellar parameters & kinematics

https://community.lsst.org/t/rubin-sim-v1-3-released/7937
https://people.smp.uq.edu.au/HolgerBaumgardt/globular/
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LSST sim DR3: from crowding maps to magnitude limit maps

Zoom in of the results in the Bulge region

Given a seeing value, what is the magnitude at which photometric uncertainty due to crowding σcrowd is dominant? 

Analytical model from Olsen+2003 | When σcrowd  = 0.1–0.25 completeness drops sharply | Prisinzano+23, Usher+23

Seeing = 0.4’’

Example of r-band LF and crowding error 
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To speed up computation and save storage space we use crowding maps from LSST DR2 simulation 

to assign magnitude limits for each sky area instead of simulating down to r = 27.5 mag

LSST sim DR3: from crowding maps to magnitude limit maps
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LSST sim DR3: from crowding maps to magnitude limit maps

Zoom in of the results in the Bulge region

Given a seeing value, what is the magnitude at which photometric uncertainty due to crowding σcrowd is dominant? 

Analytical model from Olsen+2003 | When σcrowd  = 0.1–0.25 completeness drops sharply | Prisinzano+23, Usher+23

TRILEGAL LFs & maf.CrowdingM5Metric

Seeing = 0.4’’

Example of r-band LF and crowding error 
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LSST sim DR3: from crowding maps to magnitude limit maps

Zoom in of the results in the Bulge regionExample of r-band LF and crowding error 

Given a seeing value, what is the magnitude at which photometric uncertainty due to crowding σcrowd is dominant? 

Analytical model from Olsen+2003 | When σcrowd  = 0.1–0.25 completeness drops sharply | Prisinzano+23, Usher+23

TRILEGAL LFs & maf.CrowdingM5Metric

Seeing = 0.4’’
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Some Applications
TRILEGAL stellar density maps in MAF: 
photometric errors due to stellar crowding 
for each LSST filter as a function of seeing 
(formalism by Olsen+2003)

Priors & training set for estimating photometric 
distances and stellar parameters from LSST data 
(L. Palaversa+25, K. Mrakovčić+25)

AGILE: Simulation pipeline for realistic LSST 
catalog-level data including AGN, galaxies and stars. 
In-kind ITA-INA S2. A. Bongiorno, A. Viitanen

Symbiotic binaries classification (T. Jurkic) 

Light curve’s recovery with Rubin-LSST: importance 
of crowding (M. Di Criscienzo+24)

TRILEGAL catalogs now included in ImSim/skyCatalogs framework (DESC, in prep.)

https://lsstdesc.org/skyCatalogs/
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In-kind contribution ITA-INA S25: Popstar-LSST
ITA-INA-S25 is also a history of missed opportunities:

★ We initially asked for 5 years of assegno di ricerca, got only 2 from INAF. 

Total budget for ITA-INA S25 = about 90 keuro (2.5 % of LSST-Italy)

Data rights generated by ITA-INA S25: = 4 PIs + 16 JAs (4.2 % of LSST-Italy) 

★ We continued with a “best effort” approach – with very limited support to definition of survey strategy 

+ science
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In-kind contribution ITA-INA S25: Popstar-LSST
ITA-INA-S25 is also a history of missed opportunities:

★ Early on: 

○ Losing dedicated students (P. Dal Tio, A. Mazzi) because there was no decent fellowship

○ Timid participation in survey definition (rubin_sim, and MAF) despite requests by P. Yoachim, W. 

Clarkson, R. Street

★ Now: 

○ No dedicated young researcher

○ Timid collaborations with the DESC ImSim initiative (C. Walter et al.), ITA-INA S2 (re: variables),  

ITA INA S27 (massive stars) and with TVS-microlensing subgroup

○ A Large Grant INAF – “Adding crowding errors and completeness to LSST DRs” – is bringing us 

back to the science
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Simulated Globular Clusters with TRILEGAL
Cluster parameters from Baumgardt+2020 Database:

- Central coordinates
- Core radius, half-light radius, half-mass radius, tidal radius
- V-band magnitude
- Distance
- Av
- Metallicity

 ~150 clusters 
in LSST footprint

https://people.smp.uq.edu.au/HolgerBaumgardt/globular/
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1) Simple Stellar Population given age & metallicity: cluster total mass 
normalized to V-band magnitude 

2) Actual stellar cluster simulation
3) Sky coordinates assigned to each star based on a King profile
4) Kinematic properties (work in progress)

Simulated Globular Clusters with TRILEGAL
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→ Synthetic stellar catalogs in LSST, Gaia, Euclid filters
→ Ongoing analysis of crowding effect

1) Simple Stellar Population given age & metallicity: cluster total mass 
normalized to V-band magnitude 

2) Actual stellar cluster simulation
3) Sky coordinates assigned to each star based on a King profile
4) Kinematic properties (work in progress)

Simulated Globular Clusters with TRILEGAL
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Simulated LSST CMD - 47 Tuc, SMC, MW

f(mag)
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Crowding estimates - 47 Tuc - seeing = 0.4’’ sigma_lim = 0.1

Preliminary r-band
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Crowding estimates - 47 Tuc - seeing = 0.7’’ sigma_lim = 0.1

Preliminary r-band
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Crowding estimates - 47 Tuc - seeing = 1.0’’ sigma_lim = 0.1

Preliminary r-band
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Stellar Photometric Incompleteness and Crowding Errors for LSST Data Releases

INAF Large Grant ~ 200 K @ Astronomical Observatory of Padova - PI L.Girardi

Extensive measurements of incompleteness and photometric errors caused by stellar 
crowding for each LSST Data Release – Started October 2025

SPICE4LSST project and team

INAF: L. Girardi (PI),  G. Pastorelli, M. Dall'Ora, M. Di Criscienzo, S. Zaggia, Y. Momany  

INAF members & associates: M. Trabucchi (Uni. Padova), D. Bossini (Uni. Padova), G. Costa (Uni 
Padova), G. Volpato (Uni Bruxelles), A. Bressan, K. Shepherd (SISSA), C. T. Nguyen (OA Trieste), F. 
Di Giacomo (OA Padova), A. Mazzi (Uni. Bologna), V. Braga (OA Roma), S. Leccia (OACN), 
External Collaborators: Z. Ivezic, M. Juric (Uni of Washington and DIRAC Institute), K. Olsen 
(NOIRLab), W. Clarkson (Univ. Michigan-Dearborn), L. Palaversa (Ruder Boskovic Institute)

project
team


