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Summary

We find ourselves on the brink of an exciting era in observational astrophysics, driven by
groundbreaking facilities like JWST, Euclid, Rubin, Roman, SKA, or ELT. Simultaneously,
computational astrophysics has shown significant strides, yielding highly realistic galaxy for-
mation simulations, thanks to both hardware and software enhancements. Bridging the gap
between simulations and observations has become paramount for meaningful comparisons.

We introduce py-ananke, a Python pipeline designed to generate synthetic resolved stellar
surveys from cosmological simulations, adaptable to various instruments. Building upon its
predecessor, ananke by Sanderson et al. (2020), which produced Gaia DR2 mock star surveys,
the py-ananke package offers a user-friendly “plug & play” experience. The pipeline employs
cutting-edge phase-space density estimation and initial mass function sampling to convert
particle data into synthetic stars, while interpolating pre-computed stellar isochrone tracks for
photometry. Additionally, it includes modules for estimating interstellar reddening, dust-induced
extinctions, and for quantifying errors through dedicated modeling approaches. py-ananke
promises to serve as a vital bridge between computational astrophysics and observational
astronomy, facilitating preparations and making scientific predictions for the next generation
of telescopes.

Statement of need

The upcoming decade holds promise for groundbreaking discoveries, thanks to a multitude of
recent and forthcoming observational facilities. The James Webb Space Telescope (Gardner et
al., 2006), for instance, with its exceptional specifications, has already delved into early universe
galaxies with unprecedented detail, revealing their rich diversity (Adams et al., 2023; Casey et
al., 2023; Eisenstein et al., 2023; Ferreira et al., 2022; Finkelstein et al., 2023; Harikane et al.,
2023). The recently launched Euclid Telescope (Laureijs et al., 2011) promises to shed light
on the universe's accelerating expansion by surveying an immense number of galaxies (Euclid
Collaboration et al., 2022). The Vera Rubin Observatory (lvezi¢ et al., 2019), with first light
expected soon, will precisely map the Milky Way (MW) up to the virial radius and nearby
galaxies, providing exceptional stellar astrometry data. Furthermore, the Nancy Grace Roman
Space Telescope (Akeson et al., 2019), set to launch in the next couple of years, will offer a
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wide field of view for deep-sky near-infrared exploration, facilitating the study of resolved stellar
populations in nearby galaxies (Dey et al., 2023; Han et al., 2023) and our own (Sanderson et
al., 2024). However, these observatories will generate an unprecedented amount of raw data,
necessitating community preparedness.

In parallel, a number of projects have emerged over the last decade in computational astro-
physics, continuously surpassing hardware and software limits to simulate galaxy formation in a
cosmological context realistically (see Crain & van de Voort, 2023 for a recent review). These
simulations serve as invaluable test beds in anticipation of the next-generation telescope era,
but also for our own models. However, translating these simulations into mock observables
is challenging due to the representation of stellar populations as star particles, with each
particle representing a total stellar mass between 10% and 108 times the mass of the Sun.
To compare simulations with real data, one must break down these particles into individual
stars consistently. Since the simulation resolution is not “one star particle per star” in the
vast majority of these simulations, producing mock observables necessarily requires a series of
assumptions that can have different effects on the final prediction.

This challenge was addressed by Sanderson et al. (2020) when producing a mock Gaia DR2
catalog from Milky-Way-mass simulated galaxies in the latte suite of FIRE simulations (Wetzel
et al., 2016) using the so-called ananke pipeline. They used phase-space density estimation and
initial mass function sampling to transform particle data into individual synthetic stars, retaining
parent particle age and metallicity. Photometry was determined by interpolating pre-computed
stellar isochrone tracks from the Padova database (Marigo et al., 2017) based on star mass, age,
and metallicity. Additional post-processing included estimating interstellar reddening, per-band
dust extinctions using metal-enriched gas distribution, and error quantification based on a
model described by functions calibrated to (Gaia Collaboration et al., 2018) characterizations.

The ananke pipeline by Sanderson et al. (2020), though powerful, lacks user-friendliness
and flexibility. It is challenging to integrate into other pipelines and expand beyond the Gaia
photometric system. The development of py-ananke aims to make this framework more
accessible to a wider community. By providing a self-contained and easily installable Python
package, it streamlines the ananke pipeline, automating tasks previously requiring manual
intervention. py-ananke also expands ananke's photometric system support and employs a
modular implementation for future enhancements, promising a smoother upgrade path for
users.
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Figure 1: Schematic illustrating the inner framework of the py-ananke pipeline. The modules py-EnBiD-
ananke and py-Galaxia-ananke are referred to by their import names EnBiD_ananke and Galaxia_ananke,
with their respective C++ backend softwares EnBiD and galaxia-ananke. The pipeline framework is
illustrated from input to final output from left to right, showcasing the different objects and their purposes.

The implementation of py-ananke is designed to streamline the ananke pipeline, and to prevent
the need for the user to manually handle the interface between Python and the C++ backend
software. It notably introduces dedicated wrapper submodules (hosted in repositories that are
separate from that of py-ananke, but linked as git submodules), namely py-EnBiD-ananke
and py-Galaxia-ananke, specifically developed to handle the installation and utilization of
these C++ subroutines, namely EnBiD (Sharma & Steinmetz, 2006) and a modified version of
Galaxia (Sharma et al., 2011) called galaxia-ananke. Figure 1 illustrates the inner framework
process of the full pipeline, showcasing the various module and submodule classes and where
they are used in an input to output fashion from left to right.

Past and Ongoing Applications

Sanderson et al. (2020)'s data have been in public use for 5 years and delivered on the promise
of this technique, leading to the discovery of a new stellar stream (Necib et al., 2020), the
development and validation of new machine learning methods for inferring the origins of stars
(Ostdiek et al., 2020), insights into the formation history of the MW (Nikakhtar et al., 2021),
searches for dark matter subhalos (Bazarov et al., 2022), and inference of the MW's interstellar
dust distribution (Miller et al., 2022).

Likewise, a number of studies made use of Sanderson et al. (2020)'s existing ananke pipeline,
often through the extensive effort to adapt it to other photometric systems:

= Shipp et al. (2023) investigated the detectability of MW stellar streams in the Dark
Energy Survey (Abbott et al., 2018, 2021; Flaugher et al., 2015), for which they produced
mock star catalogs mimicking DECam photometry from disrupted star clusters identified
around simulated MW-mass galaxies

= Nguyen et al. (2024) produced a synthetic survey mimicking the third data release of
Gaia (Gaia Collaboration et al., 2021, 2023), similar to how Sanderson et al. (2020)
produced a synthetic survey of the second data release of Gaia (Gaia Collaboration et
al., 2018)

These studies required significant effort caused by the challenges of using ananke, which py-
ananke is designed to alleviate. Current ongoing projects are already using the new py-ananke
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package, and are benefiting significantly from its ergonomics.

Acknowledgements

ACRT and RES acknowledge support from the Research Corporation through the Scialog
Fellows program on Time Domain Astronomy, from National Science Foundation (NSF)
grant AST-2007232, from NASA grant 19-ATP19-0068, and from HST-AR-15809 from the
Space Telescope Science Institute (STScl), operated by AURA, Inc., under NASA contract
NAS5-26555.

Package development used resources provided by the Frontera computing project at the Texas
Advanced Computing Center (TACC). Frontera is made possible by NSF award OAC-1818253.
Simulations used as test data for the package, and which form part of the example suite,
were run using Early Science Allocation 1923870 and analyzed using computing resources
supported by the Scientific Computing Core at the Flatiron Institute. This work used additional
computational resources from the University of Texas at Austin and TACC, the NASA Advanced
Supercomputing (NAS) Division and the NASA Center for Climate Simulation (NCCS), and
the Extreme Science and Engineering Discovery Environment (XSEDE), which was supported
by NSF grant number OCI-1053575.

Package development and testing was performed in part at the Aspen Center for Physics,
supported by NSF grant PHY-1607611, and at the Kavli Institute for Theoretical Physics
workshop “Dynamical Models for Stars and Gas in Galaxies in the Gaia Era” and 2019 Santa
Barbara Gaia Sprint, supported in part by the NSF under Grant No. NSF PHY-1748958 and
by the Heising-Simons Foundation.

The authors are grateful to Anthony Brown and Jos de Bruijne for their cooperation in building
the Gaia error models. We also acknowledge the input and encouragement of the participants of
the Gaia Sprints (2017-2019), Gaia Challenge series (2012-2019) and “anankethon” workshops.
We also thank Josh Borrow and the other developers of swiftsimio (Borrow & Borrisov, 2020)
for their help in preparing our documentation inspired by the latter.

References

Abbott, T. M. C., Abdalla, F. B., Allam, S., Amara, A., Annis, J., Asorey, J., Avila, S.,
Ballester, O., Banerji, M., Barkhouse, W., Baruah, L., Baumer, M., Bechtol, K., Becker,
M. R., Benoit-Lévy, A., Bernstein, G. M., Bertin, E., Blazek, J., Bocquet, S., .. NOAO
Data Lab. (2018). The Dark Energy Survey: Data Release 1. The Astrophysical Journal
Supplement Series, 239(2), 18. https://doi.org/10.3847/1538-4365/aae9f0

Abbott, T. M. C., Adaméw, M., Aguena, M., Allam, S., Amon, A., Annis, J., Avila, S., Bacon,
D., Banerji, M., Bechtol, K., Becker, M. R., Bernstein, G. M., Bertin, E., Bhargava, S.,
Bridle, S. L., Brooks, D., Burke, D. L., Carnero Rosell, A., Carrasco Kind, M., .. Linea
Science Server. (2021). The Dark Energy Survey Data Release 2. The Astrophysical
Journal Supplement Series, 255(2), 20. https://doi.org/10.3847/1538-4365/ac00b3

Adams, N. J., Conselice, C. J., Ferreira, L., Austin, D., Trussler, J. A. A., Juodzbalis, |.,
Wilkins, S. M., Caruana, J., Dayal, P., Verma, A., & Vijayan, A. P. (2023). Discovery
and properties of ultra-high redshift galaxies (9 < z < 12) in the JWST ERO SMACS
0723 Field. Monthly Notices of the Royal Astronomical Society, 518(3), 4755—4766.
https://doi.org/10.1093/mnras/stac3347

Akeson, R., Armus, L., Bachelet, E., Bailey, V., Bartusek, L., Bellini, A., Benford, D., Bennett,
D., Bhattacharya, A., Bohlin, R., Boyer, M., Bozza, V., Bryden, G., Calchi Novati, S.,
Carpenter, K., Casertano, S., Choi, A., Content, D., Dayal, P., .. Zimmerman, N. (2019).
The Wide Field Infrared Survey Telescope: 100 Hubbles for the 2020s. arXiv e-Prints,

Thob et al. (2024). Generating synthetic star catalogs from simulated data for next-gen observatories with py-ananke. Journal of Open Source 4
Software, 9(102), 6234. https://doi.org/10.21105/joss.06234.


https://doi.org/10.3847/1538-4365/aae9f0
https://doi.org/10.3847/1538-4365/ac00b3
https://doi.org/10.1093/mnras/stac3347
https://doi.org/10.21105/joss.06234

The Journal of Open Source Software

arXiv:1902.05569. https://doi.org/10.48550/arXiv.1902.05569

Bazarov, A., Benito, M., Hitsi, G., Kipper, R., Pata, J., & Pdder, S. (2022). Sensitivity
estimation for dark matter subhalos in synthetic Gaia DR2 using deep learning. Astronomy
and Computing, 41, 100667. https://doi.org/10.1016/j.ascom.2022.100667

Borrow, J., & Borrisov, A. (2020). swiftsimio: A Python library for reading SWIFT data. The
Journal of Open Source Software, 5(52), 2430. https://doi.org/10.21105/joss.02430

Casey, C. M., Kartaltepe, J. S., Drakos, N. E., Franco, M., Harish, S., Paquereau, L., lIbert,
0., Rose, C., Cox, I. G., Nightingale, J. W., Robertson, B. E., Silverman, J. D., Koekemoer,
A. M., Massey, R., McCracken, H. J., Rhodes, J., Akins, H. B., Allen, N., Amvrosiadis, A.,
.. Zavala, J. A. (2023). COSMOS-Web: An overview of the JWST Cosmic Origins Survey.
The Astrophysical Journal, 954(1), 31. https://doi.org/10.3847/1538-4357 /acc2bc

Crain, R. A., & van de Voort, F. (2023). Hydrodynamical simulations of the galaxy popula-
tion: Enduring successes and outstanding challenges. Annual Review of Astronomy and
Astrophysics, 61, 473-515. https://doi.org/10.1146/annurev-astro-041923-043618

Dey, A., Najita, J., Filion, C., Han, J. J., Pearson, S., Wyse, R., Thob, A. C. R., Anguiano,
B., Apfel, M., Arnaboldi, M., Bell, E. F., Beraldo e Silva, L., Besla, G., Bhattacharya, A.,
Bhattacharya, S., Chandra, V., Choi, Y., Collins, M. L. M., Cunningham, E. C., .. Wojno,
J. L. (2023). RomAndromeda: The Roman Survey of the Andromeda Halo. arXiv e-Prints,
arXiv:2306.12302. https://doi.org/10.48550/arXiv.2306.12302

Eisenstein, D. J., Willott, C., Alberts, S., Arribas, S., Bonaventura, N., Bunker, A. J., Cameron,
A. J., Carniani, S., Charlot, S., Curtis-Lake, E., D'Eugenio, F., Endsley, R., Ferruit,
P., Giardino, G., Hainline, K., Hausen, R., Jakobsen, P., Johnson, B. D., Maiolino, R.,
.. Woodrum, C. (2023). Overview of the JWST Advanced Deep Extragalactic Survey
(JADES). arXiv e-Prints, arXiv:2306.02465. https://doi.org/10.48550/arXiv.2306.02465

Euclid Collaboration, Scaramella, R., Amiaux, J., Mellier, Y., Burigana, C., Carvalho, C. S.,
Cuillandre, J.-C., Da Silva, A., Derosa, A., Dinis, J., Maiorano, E., Maris, M., Tereno, |.,
Laureijs, R., Boenke, T., Buenadicha, G., Dupac, X., Gaspar Venancio, L. M., Gémez-
Alvarez, P., .. Whittaker, L. (2022). Euclid preparation. |. The Euclid Wide Survey.
Astronomy & Astrophysics, 662, A112. https://doi.org/10.1051/0004-6361/202141938

Ferreira, L., Adams, N., Conselice, C. J., Sazonova, E., Austin, D., Caruana, J., Ferrari, F.,
Verma, A., Trussler, J., Broadhurst, T., Diego, J., Frye, B. L., Pascale, M., Wilkins, S.
M., Windhorst, R. A., & Zitrin, A. (2022). Panic! At the disks: First rest-frame optical
observations of galaxy structure at z > 3 with JWST in the SMACS 0723 Field. The
Astrophysical Journal Letters, 938(1), L2. https://doi.org/10.3847/2041-8213/ac947c

Finkelstein, S. L., Bagley, M. B., Ferguson, H. C., Wilkins, S. M., Kartaltepe, J. S., Papovich,
C., Yung, L. Y. A., Haro, P. A., Behroozi, P., Dickinson, M., Kocevski, D. D., Koekemoer,
A. M., Larson, R. L., Le Bail, A., Morales, A. M., Pérez-Gonzalez, P. G., Burgarella, D.,
Davé, R., Hirschmann, M., .. Zavala, J. A. (2023). CEERS Key Paper. |. An early look
into the first 500 Myr of galaxy formation with JWST. The Astrophysical Journal Letters,
946(1), L13. https://doi.org/10.3847/2041-8213/acade4

Flaugher, B., Diehl, H. T., Honscheid, K., Abbott, T. M. C., Alvarez, O., Angstadt, R., Annis,
J. T., Antonik, M., Ballester, O., Beaufore, L., Bernstein, G. M., Bernstein, R. A., Bigelow,
B., Bonati, M., Boprie, D., Brooks, D., Buckley-Geer, E. J., Campa, J., Cardiel-Sas, L., ..
DES Collaboration. (2015). The Dark Energy Camera. The Astronomical Journal, 150(5),
150. https://doi.org/10.1088,/0004-6256,/150/5/150

Gaia Collaboration, Brown, A. G. A., Vallenari, A., Prusti, T., de Bruijne, J. H. J., Babusiaux,
C., Bailer-Jones, C. A. L., Biermann, M., Evans, D. W., Eyer, L., Jansen, F., Jordi, C.,
Klioner, S. A., Lammers, U., Lindegren, L., Luri, X., Mignard, F., Panem, C., Pourbaix, D.,
.. Zwitter, T. (2018). Gaia Data Release 2. Summary of the contents and survey properties.

Thob et al. (2024). Generating synthetic star catalogs from simulated data for next-gen observatories with py-ananke. Journal of Open Source 5
Software, 9(102), 6234. https://doi.org/10.21105/joss.06234.


https://doi.org/10.48550/arXiv.1902.05569
https://doi.org/10.1016/j.ascom.2022.100667
https://doi.org/10.21105/joss.02430
https://doi.org/10.3847/1538-4357/acc2bc
https://doi.org/10.1146/annurev-astro-041923-043618
https://doi.org/10.48550/arXiv.2306.12302
https://doi.org/10.48550/arXiv.2306.02465
https://doi.org/10.1051/0004-6361/202141938
https://doi.org/10.3847/2041-8213/ac947c
https://doi.org/10.3847/2041-8213/acade4
https://doi.org/10.1088/0004-6256/150/5/150
https://doi.org/10.21105/joss.06234

The Journal of Open Source Software

Astronomy & Astrophysics, 616, Al. https://doi.org/10.1051/0004-6361/201833051

Gaia Collaboration, Brown, A. G. A., Vallenari, A., Prusti, T., de Bruijne, J. H. J., Babusiaux,
C., Biermann, M., Creevey, O. L., Evans, D. W., Eyer, L., Hutton, A., Jansen, F., Jordi, C.,
Klioner, S. A., Lammers, U., Lindegren, L., Luri, X., Mignard, F., Panem, C., .. Zwitter,
T. (2021). Gaia Early Data Release 3. Summary of the contents and survey properties.
Astronomy & Astrophysics, 649, Al. https://doi.org/10.1051/0004-6361/202039657

Gaia Collaboration, Vallenari, A., Brown, A. G. A., Prusti, T., de Bruijne, J. H. J., Arenou,
F., Babusiaux, C., Biermann, M., Creevey, O. L., Ducourant, C., Evans, D. W., Eyer, L.,
Guerra, R., Hutton, A., Jordi, C., Klioner, S. A., Lammers, U. L., Lindegren, L., Luri, X,,
.. Zwitter, T. (2023). Gaia Data Release 3. Summary of the content and survey properties.
Astronomy & Astrophysics, 674, Al. https://doi.org/10.1051/0004-6361/202243940

Gardner, J. P., Mather, J. C., Clampin, M., Doyon, R., Greenhouse, M. A., Hammel, H. B.,
Hutchings, J. B., Jakobsen, P., Lilly, S. J., Long, K. S., Lunine, J. I., McCaughrean, M. J.,
Mountain, M., Nella, J., Rieke, G. H., Rieke, M. J., Rix, H.-W., Smith, E. P., Sonneborn,
G., .. Wright, G. S. (2006). The James Webb Space Telescope. Space Science Reviews,
123(4), 485-606. https://doi.org/10.1007/s11214-006-8315-7

Han, J. J., Dey, A., Price-Whelan, A. M., Najita, J., Schlafly, E. F., Saydjari, A., Wechsler, R.
H., Bonaca, A., Schlegel, D. J., Conroy, C., Raichoor, A., Drlica-Wagner, A., Kollmeier,
J. A., Koposov, S. E., Besla, G., Rix, H-W., Goodman, A., Finkbeiner, D., Anand, A.,
.. Zucker, C. (2023). NANCY: Next-generation All-sky Near-infrared Community surveY.
arXiv e-Prints, arXiv:2306.11784. https://doi.org/10.48550/arXiv.2306.11784

Harikane, Y., Ouchi, M., Oguri, M., Ono, Y., Nakajima, K., Isobe, Y., Umeda, H., Mawatari,
K., & Zhang, Y. (2023). The Astrophysical Journal Supplement Series, 265(1), 5. https:
//doi.org/10.3847/1538-4365/acaaa9

Ivezi¢, Z., Kahn, S. M., Tyson, J. A., Abel, B., Acosta, E., Allsman, R., Alonso, D., AlSayyad,
Y., Anderson, S. F., Andrew, J., Angel, J. R. P., Angeli, G. Z., Ansari, R., Antilogus, P.,
Araujo, C., Armstrong, R., Arndt, K. T., Astier, P., Aubourg, E., .. Zhan, H. (2019). LSST:
From science drivers to reference design and anticipated data products. The Astrophysical
Journal, 873(2), 111. https://doi.org/10.3847/1538-4357 /ab042c

Laureijs, R., Amiaux, J., Arduini, S., Auguéres, J.-L., Brinchmann, J., Cole, R., Cropper, M.,
Dabin, C., Duvet, L., Ealet, A., Garilli, B., Gondoin, P., Guzzo, L., Hoar, J., Hoekstra, H.,
Holmes, R., Kitching, T., Maciaszek, T., Mellier, Y., .. Zucca, E. (2011). Euclid Definition
Study Report. arXiv e-Prints, arXiv:1110.3193. https://doi.org/10.48550/arXiv.1110.3193

Marigo, P., Girardi, L., Bressan, A., Rosenfield, P., Aringer, B., Chen, Y., Dussin, M., Nanni,
A., Pastorelli, G., Rodrigues, T. S., Trabucchi, M., Bladh, S., Dalcanton, J., Groenewegen,
M. A. T., Montalbén, J., & Wood, P. R. (2017). A new generation of PARSEC-COLIBRI
stellar isochrones including the TP-AGB phase. The Astrophysical Journal, 835(1), 77.
https://doi.org/10.3847/1538-4357 /835177

Miller, A. C., Anderson, L., Leistedt, B., Cunningham, J. P., Hogg, D. W., & Blei, D. M.
(2022). Mapping interstellar dust with Gaussian processes. arXiv e-Prints, arXiv:2202.06797.
https://doi.org/10.48550/arXiv.2202.06797

Necib, L., Ostdiek, B., Lisanti, M., Cohen, T., Freytsis, M., Garrison-Kimmel, S., Hopkins, P. F.,
Wetzel, A., & Sanderson, R. (2020). Evidence for a vast prograde stellar stream in the solar
vicinity. Nature Astronomy, 4, 1078-1083. https://doi.org/10.1038/s41550-020-1131-2

Nguyen, T., Ou, X., Panithanpaisal, N., Shipp, N., Necib, L., Sanderson, R., & Wetzel, A.
(2024). Synthetic Gaia DR3 surveys from the FIRE cosmological simulations of Milky
Way-mass galaxies. The Astrophysical Journal, 966(1), 108. https://doi.org/10.3847/
1538-4357 /ad35ba

Nikakhtar, F., Sheth, R. K., & Zehavi, |. (2021). Laguerre reconstruction of the correlation

Thob et al. (2024). Generating synthetic star catalogs from simulated data for next-gen observatories with py-ananke. Journal of Open Source 6
Software, 9(102), 6234. https://doi.org/10.21105/joss.06234.


https://doi.org/10.1051/0004-6361/201833051
https://doi.org/10.1051/0004-6361/202039657
https://doi.org/10.1051/0004-6361/202243940
https://doi.org/10.1007/s11214-006-8315-7
https://doi.org/10.48550/arXiv.2306.11784
https://doi.org/10.3847/1538-4365/acaaa9
https://doi.org/10.3847/1538-4365/acaaa9
https://doi.org/10.3847/1538-4357/ab042c
https://doi.org/10.48550/arXiv.1110.3193
https://doi.org/10.3847/1538-4357/835/1/77
https://doi.org/10.48550/arXiv.2202.06797
https://doi.org/10.1038/s41550-020-1131-2
https://doi.org/10.3847/1538-4357/ad35ba
https://doi.org/10.3847/1538-4357/ad35ba
https://doi.org/10.21105/joss.06234

The Journal of Open Source Software

function on baryon acoustic oscillation scales. Physical Review D, 104(4), 043530. https:
//doi.org/10.1103/PhysRevD.104.043530

Ostdiek, B., Necib, L., Cohen, T., Freytsis, M., Lisanti, M., Garrison-Kimmmel, S., Wetzel,
A., Sanderson, R. E., & Hopkins, P. F. (2020). Cataloging accreted stars within Gaia
DR2 using deep learning. Astronomy & Astrophysics, 636, A75. https://doi.org/10.1051/
0004-6361,/201936866

Sanderson, R. E., Hickox, R., Hirata, C. M., Holman, M. J., Lu, J. R., & Villar, A. (2024). Rec-
ommendations for Early Definition Science with the Nancy Grace Roman Space Telescope.
arXiv e-Prints, arXiv:2404.14342. https://doi.org/10.48550/arXiv.2404.14342

Sanderson, R. E., Wetzel, A., Loebman, S., Sharma, S., Hopkins, P. F., Garrison-Kimmel, S.,
Faucher-Giguére, C.-A., Keres, D., & Quataert, E. (2020). Synthetic Gaia surveys from
the FIRE cosmological simulations of Milky Way-mass galaxies. The Astrophysical Journal
Supplement Series, 246(1), 6. https://doi.org/10.3847/1538-4365/ab5b9d

Sharma, S., Bland-Hawthorn, J., Johnston, K. V., & Binney, J. (2011). Galaxia: A code
to generate a synthetic survey of the Milky Way. The Astrophysical Journal, 730(1), 3.
https://doi.org/10.1088/0004-637X/730/1/3

Sharma, S., & Steinmetz, M. (2006). Multidimensional density estimation and phase-space
structure of dark matter haloes. Monthly Notices of the Royal Astronomical Society,
373(4), 1293-1307. https://doi.org/10.1111/j.1365-2966.2006.11043.x

Shipp, N., Panithanpaisal, N., Necib, L., Sanderson, R., Erkal, D., Li, T. S., Santistevan, I.
B., Wetzel, A., Cullinane, L. R., Ji, A. P., Koposov, S. E., Kuehn, K., Lewis, G. F., Pace,
A. B., Zucker, D. B., Bland-Hawthorn, J., Cunningham, E. C., Kim, S. Y., Lilleengen,
S., .. FIRE Collaboration. (2023). Streams on FIRE: Populations of detectable stellar
streams in the Milky Way and FIRE. The Astrophysical Journal, 949(2), 44. https:
//doi.org/10.3847/1538-4357 /acc582

Wetzel, A. R., Hopkins, P. F., Kim, J., Faucher-Giguére, C.-A., Keres, D., & Quataert, E.
(2016). Reconciling dwarf galaxies with ACDM cosmology: Simulating a realistic population
of satellites around a Milky Way-mass galaxy. The Astrophysical Journal Letters, 827(2),
L23. https://doi.org/10.3847/2041-8205/827/2/L.23

Thob et al. (2024). Generating synthetic star catalogs from simulated data for next-gen observatories with py-ananke. Journal of Open Source T
Software, 9(102), 6234. https://doi.org/10.21105/joss.06234.


https://doi.org/10.1103/PhysRevD.104.043530
https://doi.org/10.1103/PhysRevD.104.043530
https://doi.org/10.1051/0004-6361/201936866
https://doi.org/10.1051/0004-6361/201936866
https://doi.org/10.48550/arXiv.2404.14342
https://doi.org/10.3847/1538-4365/ab5b9d
https://doi.org/10.1088/0004-637X/730/1/3
https://doi.org/10.1111/j.1365-2966.2006.11043.x
https://doi.org/10.3847/1538-4357/acc582
https://doi.org/10.3847/1538-4357/acc582
https://doi.org/10.3847/2041-8205/827/2/L23
https://doi.org/10.21105/joss.06234

	Summary
	Statement of need
	py-ananke’s framework
	Past and Ongoing Applications
	Acknowledgements
	References

