
Mechanisms that shape star formation: 
a study on metallicity and HI holes

Guillermo Valé Arteaga
PhD supervisors: 
 Maritza Arlene Lara López 
 Shane P. O’Sullivan
Image credit: NASA, ESA, CSA, STScI, J. Lee (STScI), T. Williams (Oxford), PHANGS Team IV IPARCOS congress - 10 December 2025



IV IPARCOS congress - 10 December 2025

1. The Metal-THINGS survey
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• Resolved IFU data for a sample of 35 nearby galaxies. 

• Aims to identify the main drivers in the evolution of galaxies 
combining information at multiple wavelengths.
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1. The Metal-THINGS survey: 
   Key instrument

• George and Cynthia Mitchell 
Spectrograph (VIRUS-P). 

• 2.7m Harlan J. Smith Telescope,  
McDonald Observatory. 

• VIRUS-P FoV: 100”  102”. 

• 246 fibers in a fixed pattern with 
1/3 fill factor. 

• Full range coverage: 3400 - 6850 Å.

×
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Credit: Blanc (2013)
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2. Main objectives of the PhD project
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Credit: NASA/ESA/CSA JWST 
Visible holes in the H I distribution.

Project divided into two main parts: 

 
1. Analysis of metallicity gradients 
in a sample from the Metal-THINGS 
survey. 
 
Abundance distribution is influenced 
by processes such as star death. 
 
 
2. Machine Learning techniques will 
be used to identify and characterize 
HI holes. 

Main focus of today’s talk.
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3. First results: 
   metallicity gradients
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and 16 more…
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Credit: Valé et al. (2025)
Paper published on A&A on September 2025.
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4. HI holes
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Credit: Barnes et al. (2023)Credit: NASA/ESA/CSA JWST
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4. HI holes
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NGC 6946

Rense Boomsma’s thesis (2007).

- Identifies 121 HI holes in 
NGC 6946 (Fireworks galaxy).

Credit: Boomsma (2007)
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4. HI holes
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Rense Boomsma’s thesis (2007).

- Identifies 121 HI holes in 
NGC 6946 (Fireworks galaxy). 

- Explains: 

- Formation.

HI holes form from stellar 
feedback and episodes of numerous 
SN explosions but also from 
turbulence.

Credit: Boomsma (2007)
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4. HI holes
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Rense Boomsma’s thesis (2007).

- Identifies 121 HI holes in 
NGC 6946 (Fireworks galaxy). 

- Explains: 

- Formation. 

- The hole-type 
identification scheme.

Type classification based on 
the velocity of the gas in the 
environment of the hole.

Credit: Boomsma (2007)
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4. HI holes
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Credit: Bethany Downer (ESA)
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5. Machine learning to detect HI holes: 
   The data
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HI data from the 
THINGS survey. 

Training 
galaxies: 

- Holmberg II 

- NGC 628 

- NGC 2403 

- NGC 3184 

- NGC 5457
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Each galaxy 
has a  
corresponding 
mask showing 
its HI holes.

5. Machine learning to detect HI holes: 
   The data
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I am using 
different 
contrast 
levels 
for each 
galaxy. 

Artificially 
increases 
training 
dataset

c1 c2

c4 c5

c3

5. Machine learning to detect HI holes: 
   The data
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Each contrast 
level has its 
own mask. 

 
White: 
fully 
visible holes. 
 
Yellow:  
partially 
visible holes.

14

c1 c2

c4 c5

c3

5. Machine learning to detect HI holes: 
   The data
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5. Machine learning to detect HI holes:  
   Convolutional Neural Network
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Credit: Ronneberger et al. (2015)

Convolutional Neural Network (CNN) 
designed for image segmentation. 
 
Introduced by Ronnenberger et al. 
in 2015 for biomedical images. 
 
Left side compresses image into 
features and right side reconstructs 
it to pixel-level predictions. 

There are possibly useful variants.

Example of an U-net
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* I am still working on the metrics to analyze different models.

5. Machine learning to detect HI holes: 
   Current state
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IoU (Intersection over 
Union) to measure 
accuracy. 

Dice accuracy is less 
harsh on small 
imperfections. 

Problems reaching high 
accuracy in validation 
dataset. 

Possible symptoms of 
overfitting.

5. Machine learning to detect HI holes: 
   Current state
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Data AugmentationCropping images Tweaking the CNN

There are multiple ways to 
solve this problem

5. Machine learning to detect HI holes: 
   What’s next?
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The final objective is to study the physical properties of the 
surrounding regions of HI holes in the Metal-THINGS galaxies.
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5. Machine learning to detect HI holes
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THANK YOU

PhD supervisors: 
 Maritza Arlene Lara López 
 Shane P. O’Sullivan

Mechanisms that shape  
star formation: 

a study on metallicity  
and HI holes

• Paper on metallicity gradients 
published in September 2025. 

• HI holes form from SN activity 
and gas turbulence. 

• U-net architecture used for 
segmenting holes from HI maps 
of galaxies. 

• Facing overfitting issues and 
studying solutions. 

• End goal is to study properties 
of the environment of HI holes.

Key points
IV IPARCOS congress - 10 December 2025


