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Galaxy observations, looking for the cross-match

D e N e

Microwave Infrared

© UV X-Ray Gamma Ray

b Optical
E 450-750 nm

‘ ~ Infrared
1 :1'200-800 nm (10-3.6 um)
6,000 K

4 e ey
:

2% e il f::. ‘
Multiwavelength Whirlpool Galaxy

COOL STARS: Infrared shows
smaller cool red stars that

.|| make up most of the galaxy.

SOLAR STARS: Optical light
comes from stars around the
size of:the Sun.

COLD GAS: Radio waves reveal
regions of gas cool enough for
CO; molecules to-exist.
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HOT STARS: Ultraviolet shows

the larger hot blue stars that
are less frequent in galaxies.

HOT GAS: X-rays are emitted
from the hottest regions of
gas where atoms are ionized.
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1. Mulitwavelenght observation of galaxies are more the exception than the norm.

2. DL algorithms can benefit from training on the union of available data

rather than the intersection
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Galaxy observations, dealing with missing data
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Galaxy Properties:
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Javalambre Physics of the Accelerating Universe (J-PAS)

OAJ - Observatorio Astrofisico de Javalambre, Teruel (Espana)




Javalambre Physics of the Accelerating Universe (J-PAS)

Andromeda galaxy
fits in the FoV of the JPCAM
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J-PAS filter system
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Transformer-based models
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Training goal, the loss function and the context

’L

2
uSDSS, rSDSS, Stellar mass, Ha L= Z ( Yirue — yp"ed) + 1log(g?))

uSDSS, rSDSS, Stellar mass, Ha
. ) 2 ) 2

—— (Upred) T (Utrue)

uSDSS, rSDSS, Stellar mass, Ha

uSDSS, rSDSS, Stellar mass, Ha

uSDSS, £SBSS, Stellar mass, Ha

Towards an astronomical foundation model for stars with a
transformer-based model

Henry W. Leung “'* and Jo Bovy “'1?
1David A. Dunlap Department of Astronomy and Astrophysics, University of Toronto, 50 St George Street, Toronto, Ontario, M5S 3H4, Canada
2Dunlap Institute for Astronomy and Astrophysics, University of Toronto, 50 St George Street, Toronto, Ontario, M5S 3H4, Canada

The model takes into account the uncertainty of target variables, but also learn to
predict uncertainties given the context
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Building the training set, retrieving the SED
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1.- We generate synthetic j-spectra from DESI and SDSS spectra and
crossmatch with GALEX photometry

2.- We use miniJPAS observations to model the error so the training
set emulate the depth of miniJPAS ' -

" J-PAS

* Javalambre Physiés of the Accelerating
- Universe Astrophysical Survey
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Building the training set, emission lines properties

| DARK ENERGY [O”], HB, [O”l], [N”],
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1.- We estimate a probability as function of the density, so galaxies that
are underrepresent are more likely to appear during training
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Building the training set, emission lines properties
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1.- We estimate a probability as function of the density, so galaxies that
are underrepresent are more likely to appear during training
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Building the training set, stellar population properties
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We fit the SSP properties with BaySeAGal,
this is bayesian parametric code,
that model the SFH with a tau model
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Results on SDSS and DESI test samples, emission lines
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Results on SDSS and DESI test samples, emission lines
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Results on SDSS and DESI test samples, emission lines
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Results on SDSS and DESI test samples, emission lines
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Results on SDSS and DESI test samples, photo-z
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Results on SDSS and DESI test samples, FUV and NUV
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Results on DESI test samples, SP properties
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Results on DESI test samples, inverse process
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Conclusion, limitations, and future improvements

1. We are building a foundational model for galaxy SEDs with the potential to obtain
SP properties, emission lines, and redshift of galaxies within a single code.

2. Furthermore, the model can incorporate observations from multiple surveys.

3. Currently, the model is restricted to galaxies; stars and QSOs are not included in the
training.

4. The predicted errors assume that the solution can be described as Gaussian.

5. At present, we only use data from minidPAS to emulate the S/N and depth of our
training set. We have not yet trained with real data. However, we will soon incorporate
data from the Science Verification Point of J-PAS, enabling the model to be trained
with real data, which is crucial for domain adaptation.

6. The model currently incorporates only one modality, integrated photometry. It is

possible to develop a model that also trains with galaxy images, helping to capture
other parameters such as galaxy morphology.
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