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Why VMPs matter?

Low metallicity stars provide fundamental constraints on the 
formation and chemical evolution of the structure of the Galaxy.



Let’s recall the ELS Model...



A little reminder...

Beers & Christlieb 2005, Annu. Rev. Astron. Astrophys.

[Fe/H] = 
Log(NFe/NH)Star-Log(NFe/NH)Sun



What will be the [Fe/H] limit for detecting metal poor stars?

Aguado, Allende Prieto, et. al. (2018)

How hard is to find 
extremely low 

metallicity stars?

1 in 800 Stars
[Fe/H] < -3.0

1 in 80000!!
[Fe/H] < -4.0

Interesting Surveys:

SEGUE (Sloan)
Pristine

LAMOST

4MOST (Futuro)



How to select 
good 

candidates?

a. Wide-angle survey 
(J-PLUS).

b. Moderate-resolution 
spectroscopic follow 
up.

c. High-resolution 
spectroscopy / 
Chemical Abundances.
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Photometric Calibrations vs Machine Learning

Allows extrapolation / More restrictions to 
obtain better predictions.

Semi-empirical formulas usually based on 
a single or few photometric colors.

Can deal with a big set of variables as 
input parameters.

“Learns” from the ingested data - 
predictions restricted to its range of 
values.

Less restrictions.



AI for Astronomy 

Machine Learning 
models for Teff, [Fe/H] 
and Logg



J-PLUS SPEEM 
Pipeline

Stellar Parameters Estimations 
based on Ensemble Methods

Random subsets of data 
ingested into random sets of 

decision trees.

Tasks performed by the pipeline.

● Identification of QSOs & WDs 
candidates.

● Training / Test sample of 13602 
stars from SEGUE & Apogee for 
Teff, [Fe/H] & Logg.

● Extra validation dataset of 
106769 stars from LAMOST 
DR4.



J-PLUS SPEEM Architecture
Classifier



J-PLUS SPEEM Architecture Regressor 



Effective 
Temperature

Mean error = 101 K
Median error = 85 K
RMS error = 130 K

r^2 = 0.94

Values compared to LAMOST DR4 for a sample 
of 106769 stars



Metallicity [Fe/H]
Mean error = 0.19 dex

Median error = 0.13 dex
RMS error = 0.27

r^2 = 0.87

Values compared to SEGUE



Metallicity [Fe/H]
Mean error = 0.16 dex

Median error = 0.14 dex
RMS error = 0.21

r^2 = 0.66

Values compared to LAMOST DR4 for a sample 
of 106769 stars



Surface Gravity 
Logg

Mean error = 0.29 dex
Median error = 0.25 dex

RMS error = 0.37
r^2 = 0.42

Values compared to LAMOST DR4 for a sample 
of 106769 stars



Spectroscopic 
Validation

● 11 candidates were selected 
with g mag [14.98, 16.75] and 
old J-PLUS calibration.

● Observations made by 
Carlos Allende with WHT and 
ISIS instrument.

● Standard reduction process 
with IRAF.



Confirmation of VMPs Candidates

Vinicius Placco → Pipeline ref. n-SSPP (Beers et al. 2014)



Confirmation of 
VMPs candidates!

1. First VMPs detected and confirmed by 
J-PLUS.  g mag  [14.8, 16.75]

2. Average differences of 178K, 0.76 dex 
and 0.5 dex for Teff, Logg & [Fe/H].

3. [Fe/H]_Spec < [Fe/H]_Model               
by ~ 0.5 dex 

4. Stars are too faint to validate with 
High-res. spectroscopy.

Systematic 
difference 
of 0.5 dex.



J-PLUS SPEEM can 
properly identify new 
VMPs along with the 
identification of 
potential QSOs & 
WDs.



Conclusions

● In order to properly select extremely metal poor 
candidates ([Fe/H] < -3.0) is essential to identify potential 
QSOs and WDs.

● J-PLUS SPEEM operates in the range of (4000K, 9000K) 
for Teff, (-3.5, 0.5) dex for [Fe/H] and (0.2, 5.0) dex for Logg.

● Not always huge amounts of data are required to train 
good machine learning models.



SPEEM Pipeline applied to S-PLUS Stripe 82



Highest Correlations between Colors and [Fe/H]

F378-F861    0.028926

F395-F861    0.026273

F378-I         0.026155

F378-F660    0.024768

F378-R           0.024289

F395-I            0.023555

F395-F660    0.022103

J0395-J0410    0.702976

J0378-J0410    0.694970

J0395-J0430    0.666869

J0378-J0430    0.655345

J0378-gSDSS    0.647072

J0395-gSDSS    0.639314

J0378-J0515      0.637066



Thank you!
Any question, comment or suggestion will be appreciated!

carlosgalarza@on.br


