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Part 1 
A Morphological “Star—Galaxy” Classifier 
for the DESI Legacy Surveys



Star-Galaxy Classifier in the Alert Stream
A dichroic for Galactic/extragalactic transients
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Pass

Fail (stars)

Data flowing in To the next filter
(i) Is there a cataloged 

object associated 
with the transient? 

(ii) Is it a star or galaxy?



SGSCORE
Tachibana & Miller 2018

• Implemented in the Zwicky Transient 
Facility (ZTF) real-time pipeline


• Based on Pan-STARRS 3π survey 

Morphological classifier — photometry 

Random forest — lightweight & efficient 

Does not cover the south — dec > -30° 

Limited by depth — ≲ 23 mag
Chambers+2016



Legacy Surveys (LS) DR10 — 3 billion sources

Covered by 
LS4
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Star-Galaxy Classifier for LS4
Morphology-based features

Observed profilePoint source — PSF 
Galaxy profile models

Feature group 1 

How well each 
model fits the profile

Aperture 1 
Aperture 2, …

Feature group 2

How concentrated 
the flux distribution is

Resolved/unresolved 
score
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Chen & Guestrin 
2016



LS X HST
Training set
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Surface 
brightness

Leauthaud+2007

Flux

• COSMOS field 

Deep images from both 
LS and Hubble 

Confident labeling down 
to ~24 mag 

~240,000 objects in the 
training set

Brightness cut 
24.5 mag
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Sensitive to faint galaxies
Figure of merit (FoM) = 0.71 
Fraction of recalled stars when 
misclassifying 0.5% of galaxies

High overall accuracy
Accuracy = 0.97 
Fraction of correctly classified 
stars + galaxiesLS classifier

XGB model

FoM = 0.96 FoM = 0.43 FoM = 0.08

PS1 
SGSCORE 
FoM = 0.71
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Performance
Test on spectroscopically classified samples
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Normalized 
Accuracy 
The star/galaxy 
ratio in each 
bin is tweaked 
to match the 
COSMOS field LS type

XGB model

DESI DR1 (15,354,071)

Accuracy
FoM

XGB LS
0.9919 0.9451
0.9778 …

Blended K/M-
type stars

Saturated 
stars
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Systematics (Saturated Stars)
Leveraging Gaia DR3
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Final Score Distribution in LS

Add 1 to Gaia “stars” 
Significant parallax/
proper motion 
Passing photometric 
quality cuts 
(Lindegren+2018)

~106 stars recovered



Summary
LS Point Source Catalog
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• A morphological classifier based on LS photometry trained with XGBOOST 

• Outperforms the LS classifier (extra features + flexible ML modeling) & PS1 
SGSCORE (deeper images) 

• Near-perfect classification for targets ≲ 23 mag 

• Optimized for keeping galaxies on the faint end

Liu et al., 2025 (arXiv:2505.17174) 

https://ls-xgboost.lbl.gov/ (Thanks to Rob Knop!)

https://ls-xgboost.lbl.gov/
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Part 2 
Precise Galaxy Light Subtraction in Transient 
Longslit Spectroscopy



Image Subtraction for Spectroscopy?
Removing host contamination
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• Observing condition: seeing, sky background… 

• Instrumental configuration: slit width, position angle… 

• Reference spectrum not accessible: time for large mirrors is always expensive!

Image Subtraction for Spectroscopy?
Difficulties
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Wavelength Wavelength

Good seeing Bad seeing

Slit
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• Fully Python + open source (soon!) 

• Leveraging archival imaging as priors 

• Accelerated by JAX: Just-in-time compilation + automatic differentiation

Liu et al., 2025b, in prep.

Robust galaxy background removal in a few 
minutes on your laptop!
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HOSTSUB_GP Pipeline
Building the prior - normalized 2D profiles
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Liu et al., 2025b, in prep.
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Expensive

Preprocess the 2D spectrum
HOSTSUB_GP Pipeline
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2D GP

Model the 1D 
Spectrum

Model how the 
2D spectrum 
deviates from 

the prior

1D GP

 Spectral 

Liu et al., 2025b, in prep.
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Useful Cases
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[Fe III] [Ca II]
[Fe II]

A 20 Mag Nebular SN Ia Near the Bulge of a 12.5 Mag HostgPS rPS iPS zPS yPS
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T
hr

ou
gh

pu
t

4000 5000 6000 7000 8000 9000
Wavelength [Å]
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Liu et al., 2025b, in prep.
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A 23.3 Mag SN Ia (Echo!) With Complicated Galaxy Background

+

SN 2021aefx



Test on a Synthetic Dataset
MUSE data cube
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Test on a Synthetic Dataset
MUSE data cube: 100 different slit positions
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Caveats
HOSTSUB_GP can sometimes fail…
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• Only works for host galaxies that are 

• Well resolved: containing sufficient pixels to be modeled 

• Sufficiently bright: for the separation of 1D flux and 2D profile 

• Nebular lines cannot be robustly removed (flux profiles are usually very different 
from the prior) 

• Adopting archival images from a mix of surveys is allowed but not recommended 
(inconsistent seeings)



Summary
HOSTSUB_GP
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• A toolkit to improve host subtraction in SN longslit spectroscopy 

• Not limited to SN - try your favorite transient! 

• Leveraging archival photometric observations 

• Modeling the galaxy background with 1D/2D Gaussian processes 

• Outperforming the classic aperture spectroscopy on a synthetic dataset of a 
spiral galaxy with rich structures!


