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Intro to the Tree and the Merging of galaxies



Galaxies

NGC 1300

Stars
Gas
Dust
Planets

Credit: HST, NASA/ESA
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A whole Zoo of Galaxies

The Spitzer Infrared Nearby Galaxies Survey ( ) Hubble Tuning-Fork
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Credit: NASA/JPL-Caltech/K. Gordon (STScl) and SINGS Team
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Large scale structure ~

Credit: SDSS
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Credit: VIPERS colaboration
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How has the galactic zoo
originated?



Elliptical vs Spiral galaxies

The two more common types

WHD WILL YUU ROOT FUR?-
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Elliptical vs Spiral galaxies

The two more common types

Ellipticals
- Old stars

- Not much gas, not much
star formation

- Massive and redder
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Elliptical vs Spiral galaxies

The two more common types

Spirals Ellipticals
- Young and old stars - Old stars
- With gas that keeps - Not much gas, not much
forming new ones star formation
- Less massive and bluer - Massive and redder
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On the origin of galaxies
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On the origin of galaxies

Nature or Nurture?

L. E. Suelves, W. J. Pearson, A. Pollo | luis.suelves@ncbj.gov.pl | A family tree of galaxies



Universe's Components

Credit: M. Abdullah, University of California Riverside
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Nature

formation

Dark Matter collapsed in Haloes

Dark Matter dynamics depend only on
gravity
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Nature

formation

Dark Matter collapsed in Haloes Baryonic matter fell into the Haloes

Baryonic matter dynamics driven by
self-interactions that heat and cool the
gas

Dark Matter dynamics depend only on
gravity
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Nature

formation 2
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Nature

formation of Ellipticals

Ellipticals
- Massive haloes gathered gas fast

- Haloe's spherical symmetry is
maintained

- Strong gas consumption in stars
- Strong winds and SNe expelling gas

- Surrounding environment with other
overdensities around
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Nature

formation of Spirals

Spirals
- Halo attracted gas slowlier

- Slow gas interactions allowed L to form
a disk

- Gas used and expelled less
aggressively

- Surrounding environment less
overcrowded
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Nurture

Ellipticals

Ellipticals

- Evidence: two massive spirals of
similar mass merge into an

elliptical galaxy
Credit: Eric J. Chaisson course at Harvard
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Nurture

Spirals

Spirals

- Evidence: an spiral feeds on gas
of the small galaxy

Credit: Eric J. Chaisson course at Harvard

Milky Way known merging history: 6 con rmed, maybe even 77!
Credit: Gaia Data Release 3
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Galaxy Mergers

Credit: HST, NASA/ESA
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Galaxy Mergers

Credit: HST, NASA/ESA

L. E. Suelves, W. J. Pearson, A. Pollo | luis.suelves@ncbj.gov.pl | A family tree of galaxies



A vogage in time

Telescopes are our astronomical Beagle

Looking back in time through the sky, we
nd mergers were more frequent in the
past!

Credit: Whitney+21

L. E. Suelves, W. J. Pearson, A. Pollo | luis.suelves@ncbj.gov.pl | A family tree of galaxies



A vogage in time

Telescopes are our astronomical HMS
Beagle

Looking back in time through the sky, we
nd mergers were more frequent in the
past!

Credit: Whitney+21
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However, mergers are still found nowadays,
how could Hubble telescope get such pics?!

Main work: Merger Identi cation!!



Problems

Credit: JWST, Stephan's
Quintet
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Contamination

Credit: JWST, Stephan's Quintet
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Merging galaxies identified on images



Merger ldentification Methods

Visual Inspection

Professionals look at astronomical
frames

L. E. Suelves, W. J. Pearson, A. Pollo | luis.suelves@ncbj.gov.pl | A family tree of galaxies



Merger Identification Methods

Visual Inspection Close Pairs

Professionals look at astronomical Pairing sky-neighbours at similar
frames radial distance
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Merger Identification Methods

Visual Inspection Close Pairs
Professionals look at astronomical Pairing sky-neighbours at similar
frames ) radial distance )

Morphological Analysis

Parameters that quantify shape
distortions
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Merger Identification Methods

Visual Inspection Close Pairs

Professionals look at astronomical Pairing sky-neighbours at similar
frames radial distance

Convolutional Neural

Networks (CNN)

Parameters that quantify shape Models that learn properties that
distortions characterize pre-classified
galaxies from the images

Morphological Analysis

L. E. Suelves, W. J. Pearson, A. Pollo | luis.suelves@ncbj.gov.pl | A family tree of galaxies



Supervised Machine Learning (ML)

CNN introduction

SUPERVISED LEARNING

INPUT RAW DATA OUTPUT

“; o " o Algorithm

Credit: nhadep247.net

- Training dataset - Model type and structure
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Plastic bag
100% confidence
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Galaxy Mergers catalog 7N

in the North Ecliptic Pole (NEP) wide field 21
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Dataset

NEP mergers

Subaru's Hyper Supreme-Cam (HSC)
r-band optical frames

- Network's non-mergers: 24 069

- Network's merger candidates: 10195

Visual Inspection by Pearson & Suelves:
- ldenti ed mergers: 2109

Credit: Pearson et al. (2022)
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Main Results

NEP mergers

Visual Inspection results:
miss-classi cation due to contamination by no physically associated
companion and blended sources
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Main Results

NEP mergers

Visual Inspection results:
miss-classi cation due to contamination by no physically associated
companion and blended sources

Main merger tracer:
the morphological parameters that examine the asymmetry
of the light distribution
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Main Results

NEP mergers

Visual Inspection results:
miss-classi cation due to contamination by no physically associated
companion and blended sources

Main merger tracer:
the morphological parameters that examine the asymmetry
of the light distribution

Catalogue:
of 2109 mergers in the North Ecliptic Pole
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Main Results

NEP mergers

Visual Inspection results:
miss-classi cation due to contamination by no physically associated
companion and blended sources

Main merger tracer:
the morphological parameters that examine the asymmetry
of the light distribution

Catalogue:
of 2109 mergers in the North Ecliptic Pole

and now, these galaxies and more can be visually classi ed by
anybody in Galaxy Zoo!!
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Merging galaxies identi ed on photometric meassurements



Galaxy Zoo

Provides training labels

Citizen Science project for visual classi cation of galaxies
Result: merger vote fraction fy,
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Training dataset

Source Selection

Mergers
- from Darg et al (2010), by Visual Inspection of high fy
- primary source of merging pairs

Non-Mergers
- from Galaxy Zoo's low fy

Class-Balanced Dataset
- Training: 2680 Mergers + 2680 Non-mergers
- Distance: redshift z 2 [0.01,0.1]
- Nearest neighbour match in [r-band magitude, redshift] space

Credit: SDSS DR9, Aladin?, Darg et al (2010)
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ML method using, only Photometry?

Saving time and resources
&
Learning new properties
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Training dataset, Inputs

Input Information
- Magnitudes, colors and errors
- Multiple ux calc. methods
- Five optical bands

L. E. Suelves, W. J. Pearson, A. Pollo | luis.suelves@ncbj.gov.pl | A family tree of galaxies



What is photometry?

What is magnitude in astronomical
context?
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