Extreme emission line galaxies in
J-PLUS

Alejandro Lumbreras Calle — CEFCA

alumbrerascalle@gmail.com - @alumbrerasc ¥

CEFCA (Carlos Lopez Sanjuan, J.A. Fernandez-Ontiveros, R. Amorin, A. Hernan-
Caballero, M. Akhlaghi)
IAA group (J.M. Vilchez, E. Pérez-Montero, C. Kehrig, J. Iglesias-Paramo, A. Arroyo
Polonio)
Master Students (Carlos Celma, Jorge Porrén)

a°

i B

Astrofisica y fisica
de altas energias

CECA
FONDO = GOBIERNO ﬁ‘% MINISTERIO Plan de Recuperacién,

DE INVERSIONES [ , Transformacién
DE TERUEL =< DE ARAGON E INNOVACION QA v Resiliencia

Financiado por
la Unién Europea
NextGenerationEU

AstroHEP meeting 06/06/2024


mailto:alumbrerascalle@gmail.com

e 1. Introduction and motivation

o 2. Detection of extreme emission line galaxies
(EELGs) with J-PLUS

- Sample selection pre-2023
- New sample selection 1SDSS)

o 3. Detailed analysis of J-PLUS EELGs
- Spectroscopy

« Comparison with other analogs and high-z objects

— Morphology
— Other observations

e 4. Other topics
e 5. Summary

AstroHEP meeting - A. Lumbreras-Calle 3



Introduction

« Why study star
formation in galaxies?

AstroHEP meeting - A. Lumbreras-Calle 5






Introduction

« Why study star
formation in galaxies?

AstroHEP meeting - A. Lumbreras-Calle 7



Introduction

« Why study star
formation in galaxies?

- Shapes the evolution of
the galaxies

- Its changes affect the
history of the Universe

AstroHEP meeting - A. Lumbreras-Calle 8



Introduction

« Why study star
formation in galaxies?

- Shapes the evolution of
the galaxies

- Its changes affect the
history of the Universe

« How to find star-forming
galaxies?

AstroHEP meeting - A. Lumbreras-Calle 9



Introduction

« Why study star
formation in galaxies?

- Shapes the evolution of
the galaxies

- Its changes affect the
history of the Universe

« How to find star-forming
galaxies?

— Tracers of the presence of
massive stars

(they die very fast: if there are massive stars, there
has been very recent star formation)

o UV continuum, IR luminosity,
Radio, X-ray

« Emission lines (HII regions)

AstroHEP meeting - A. Lumbreras-Calle 10




Introduction

« Why study star
formation in galaxies?

- Shapes the evolution of
the galaxies

— Its changes affect the

BlECIron - lignt gheen off
1stshell - o :

history of the Universe astomn ™~ @ @
nucleus —f__
« How to find star-forming o
galaxies? e o
highear-anergy orbit lowar=anergy orbit and gives

by absorbing energy off energy in the form of light

— Tracers of the presence of
massive stars

(they die very fast: if there are massive stars, there
has been very recent star formation)

o UV continuum, IR luminosity,
Radio, X-ray

« Emission lines (HII regions)

AstroHEP meeting - A. Lumbreras-Calle 11




Introduction

« Why study star
formation in galaxies?

- Shapes the evolution of
the galaxies

1st shell -, M I
(2nd orbit) l

history of the Universe astoron
a]_ aXie S? Initially, the atom Then an electron gets  Finally, the electron moves
g o is "resting quieth” "humped" up to a hack to its original,

nucleus —f
hlghar-an&*rgy arhit Inwar—anargy orbit and gives

- Its changes affect the
« How to find star-forming

— Tracers of the presence of
massive stars

(they die very fast: if there are massive stars, there
has been very recent star formation)

o UV continuum, IR luminosity,
Radio, X-ray

« Emission lines (HII regions)

ESO, A McLeod etsal

AstroHEP meeting - A. Lumbreras-Calle



ESO, A MclLeod et al.

he electron moves
ts original,

nergy orbit and gives
1y in the form of light




Introduction

« Very strongly star-forming
galaxies are rare in the
nearby Universe

Blueberry galaxies
(Yang et al. 2017)

e Properties

— Compact morphologies
— Blue colors
- Low metallicities

— Strong emission lines (useful
to identify them in surveys)

NASA, ESA, and A. Aloisi
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Introduction

» Very strongly star-forming
galaxies are rare in the
nearby Universe

o Properties

« Similarities between very

early galaxies and some
local EELGs

- Low masses, low metallicity

NASA, ESA, and A. Aloisi

Blueberry galaxies
(Yang et al. 2017)
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Goal and motivation

o Create a complete census of EELGs in the local Universe and
follow them up

— To fully understand their statistical properties

- To identify those that are the best analogs of the first galaxies in the
Universe

e Local EELGs can be studied in more detail than distant galaxies
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2. Detection of extreme emission line

galaxies (EELGs) with J-PLUS
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Sample selection (before 2023)

- FLUX_PSFCOR f(lambda)

'm
"

1. Selecting objects with excess
of flux in the mediumband
filter compared to a oo
neighbouring broadband filter 4009
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The previous EELG samples

3 filters - 3 redshift slices
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2023 New sample
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New sample selection — iISDSS
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New sample selection — iISDSS
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3. Detailed analysis of J-PLUS

EELGs
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Follow-up spectra of the EELGs samples

« Longslit spectroscopy at the 2.5m INT
at the Roque de los Muchachos
Observatory (La Palma)
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_ IDS: 3500 A - 7000 A, R ~ 400

- Pre-2023: ~50 galaxies observed

« ALL CONFIRMED as low redshift EELGs
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- Pre-2023: ~50 galaxies observed

« ALL CONFIRMED as low redshift EELGs
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 Filler proposal at GTC/OSIRIS
ongoing

- Targeting fainter galaxies (largest
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- 18 extra galaxies (as of today)
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Follow-up spectra of the EELGs samples

« Longslit spectroscopy at the 2.5m INT
at the Roque de los Muchachos
Observatory (La Palma)

_ IDS: 3500 A - 7000 A, R ~ 400

- Pre-2023: ~50 galaxies observed

« ALL CONFIRMED as low redshift EELGs
with strong emission lines

— 2023: In person observing run in July (~
12 galaxies)

« Archival spectroscopic data

— 80 additional spectra

 Filler proposal at GTC/OSIRIS
ongoing

- Targeting fainter galaxies (largest
telescope in the world!)

- 18 extra galaxies (as of today)

« WEAVE: MOS+minilFU (synergy!)
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Follow-up spectra of the [OIll] sample

« Spectroscopic data analysis <
— Goal: Compare physical properties of fgé%
local and high-z EELGs ~
g: Wﬁl‘l"" ], _J . . e
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Follow-up spectra of the [OIIl] sample

« Spectroscopic data analysis

600

— Goal: Compare physical properties of
local and high-z EELGs

— Electronic density determined with
[SII]6717/[SII16731

« Typically close to the low density limit
(100 cm™3)

— Metallicity determination with the
direct method
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Follow-up spectra of the [OIII] sample

« Spectroscopic data analysis

600

— Goal: Compare physical properties of
local and high-z EELGs

— Electronic density determined with
[SII]6717/[SII16731

« Typically close to the low density limit
(100 cm™3)

— Metallicity determination with the oo [OIIl: log(L(4363)L(5007)
direct method R

18000 -

 Electron temperature with [OIII]4363 and | ‘%"
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o Analysis performed in 2023 in |
Granada (synergy!) ' .
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Follow-up spectra of the [OIII] sample

« Spectroscopic data analysis

600

— Goal: Compare physical properties of
local and high-z EELGs

— Electronic density determined with
[SII]6717/[SII16731

« Typically close to the low density limit
(100 cm™3)

— Metallicity determination with the oo [OND:log(La363)5007)
direct method A

o Electron temperature with [OIII]4363 and |
Pyneb

o Analysis performed in 2023 in
Granada (synergy!) ' v
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0 200

16000 |-

1s0'v

o First results presented at
conference in Marseille in July 2023 —

1 2 3 ) 5 6 7 8

« Paper in preparation
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Mass — metallicity relation
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Mass — metallicity relation
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Mass — metallicity relation
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Mass — metallicity relation
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Mass — metallicity relation
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Further analysis of J-PLUS EELGs

Jorge Porréon (Unizar) Master Thesis

Identify star-forming clumps in extended
EELGs using GNUastro

The narrowband filter in J-PLUS is just as
good (even better) than deeper, higher
resolution broadband data identifying clumps

The farther from the center of the galaxy, the
smaller/less massive the clump
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Raw image in JPLUS filter J0515
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Chandra and HST observations

» Accepted Chandra
observations (X-Ray)

- Do EELGs produce more X-
ray binaries than expected?

- PI J. Irwin (U. of Alabama)
- 7 galaxies, 156 ksec
- First two galaxies: NO X-RAY!

« Perhaps too young to have
developed X-ray binaries?

e Joint HST observations

accepted for 2024/2025 e
- High resolution imaging o g
o Unveal the structure of the 1026 1205
interstellar medium
— 7 orbits

- UV, near-IR and Halpha filters
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4. Other work

o First tests on JPAS-SV

« SKA precursors-pathfinders (synergy!)
- HI emission in EELGs

o Out of J-PLUS/J-PAS

— DESI extreme emitters
— [OIII] nebula near M31

i

2000

i
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.. ... ' EELG candidates J-PLUS DR3:
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Summary

« Finalizing the selection of extreme emission line galaxies in J-PLUS

— Identifying new sample (iISDSS selection, filling the gap)

— Polishing the selections (BANNJOS galaxy-QSO separation, variation of filter
transmission curves)

o In depth analysis of detected EELGs

— Spectroscopic follow-up:

« Analizing the emission line and deriving physical properties: similar metallicity as the most
distant galaxies

« Performing and securing more observations (GTC, WEAVE)
— Morphological analysis, finding clumps (TFM J. Porrén)

- Securing X-Ray (Chandra) and high resolution follow-ups (Hubble)
- SKA: Radio detections of neutral hydrogen in EELGs, fueling the star formation
o Other work agonutug

- OAJ surveys: First tests with JPAS-SV data
— Other: DESI spectra // [OIII] nebula near M31
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