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dm2gal: Mapping Dark Matter to Galaxies with Neural
Networks
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Motivation Results Conclusion
Input

(Dark Matter TNG100-1) dm2gal Target HOD

- Convolutional neural networks can be used to paint
stellar mass into the dark matter field of

computationally cheap gravity-only simulations.
- Generating these fields using hydrodynamic simulations
will have a computational cost between 10 to 100x higher

- Galaxies are not randomly distributed in the sky, but
follow a particular pattern known as the cosmic web.

2.4 Mpc/h

- Cosmological hydrodynamic simulations are probably

the best way to simulate this distribution; however, due 2.4 Mpc/h than our method
to their large computational cost (millions of CPU . . |
o The power spectrum is one of the most important
hours), they only allow predictions of very small = [ S—— quantities in cosmology, as it describes the cosmic web - Our model outperforms the traditional HOD method
volumes. g N HOD. on large, linear, scales. for cosmologically relevant scales.
R arge
7 e We find strong agreement on large scales (low values of _ . - _
- Our purpose is to show that neural networks can learn £ k) between all fields for | - With additional training and tuning of the
to paint galaxy properties on top of the computationally < 100 ;hzr‘;‘;‘l’(‘gﬁgﬁﬁgftg‘;nrgggr's 's expected for the HOD, but is hyperparameters, further agreement between
- We compare our findings with benchmark model k [hMpc-1] On smaller scales, dm2gal outperforms the HOD, with
P :
: . , the exception of scales k 2 30 =
known as halo occupation distribution (HOD) [1]. N S g
We consider the raw probability distribution function [3], FUtu re Work
dm2gal that we compute as the number of voxels with a certain - GGeneralize our network to models with different
HOD stellar mass, as a function of the stellar mass value. Cosmologies and astrophysics
LR Target : . . : :
Methods X We find that for stellar masses > 108, both dm2gal and - Quantify mapping dependence on time using merger
> the HOD outputs a distribution similar to the one from the trees
-of-the- o 10 hydrod ic simulation. - . . . . .
Data. \WWe use data irom the state-oi-the-art | & YETORYTETE STTEISEON - Predict other galactic properties such as metallicity,
magneto-hydrodynamic simulation TNG100-1 and its . At the low mass end of the stellar mass PDF, the HOD luminosity, and radius.
gravity-only counterpart, TNG100-1-Dark, at present time R outperforms dm2gal. We note that it is expected for the
[2] We select as input-target pairs regions of size (2 49 Stellar Mass [h~1M,] HOD model to work very well for the PDF, as it is built to r . -
h'1.|\/| 3 q hal ’ H ! S 1.08 reproduce this statistic. : ‘ '
pc )° centered on subhalos with stellar mass 2 . Acknowledgements
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batch normalization, and ReLU activation layers while £ 10w oo show the results of the bispectrum, as a function of ©. - -
efficiently down-sampling to a single value. The latent o 1 this case, we.find that.dm2aal outoeriomns ihe HOD References
representation is flattened into a vector that is passed & for all angles.
through two fully connected layers which produces a s B

0.0 0.2 0.4 0.6 0.8 1.0 We have repeated the exercise for other triangle
configurations, finding similar results.
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