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Investigating the link between Lyman-a and

21cm Hi emission in nearby galaxies
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ReS I 1 - Introduction

Lyman-alpha (Lya, A=1216 A) emission serves as a crucial
T h e i I‘l probe of galaxies across cosmic epochs, from the nearby

Universe to the Epoch of Reionization. It has been proposed
at a tracer of the neutral CGM, but despite its significance,
the connection between Lya emission and galaxy/CGM

Lym a properties is not well calibrated. Here, we investigate the link

between global Lya emission and neutral hydrogen (HI)

properties in nearby star-forming galaxies, leveraging multi- 4
wavelength observations from the Lyman Alpha Reference

Samples ((e)LARS). To do so, we compare 21cm Hi b
observations obtained with the Karl G. Jansky Very Large

Alexan Array (VLA) in D-array configuration (~38 kpc resolution) with
Lya properties derived from Hubble Space Telescope (HST)
imaging and spectroscopy for 37 low-redshift (z~0.03) star-

Esca peo forming galaxies part of the (e)LARS sample.
OAC, 202 -+ Y‘f'ff
11.0 1 VLA
HST
10.5 1 Figure 1
Lya is a resonant line of hydrogen. In galaxies, it goes through a scattering-like
E radiative transfer in HI gas. 21cm emission spontaneously occur in hydrogen
— 10.0 A atoms, making it a direct tracer of the neutral ISM and CGM of galaxies. Here,
U ] we present a comparison of Lya and 21cm observables, obtained respectively e
N IVERSI E‘ with the HST and the VLA, for a sample of 37 nearby star-forming galaxies. i
F 951
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- 2 - Do Lya emitters have special Hi -
= 9.0 -
3 properties?




An introduction to -
galaxy mergers




Galaxy mergers in galaxy evolution

Mass growth SFR AGN activity
starburst triggers / -~ g

gquenching agents

Lacey & Cole 1993

Centaurus A (ESO,NASA)
e.qg. Hopkins et al., 2010

e.g. Patton et al. 2013, Pearson et al. 2019 :



A role in facilitating LyC escape?

* Bridge etal. 2010, Bergvall et al. 2013:
Invoke major mergers as processes for
elevated LyC escape via starburst +
neutral gas clearing

* Le Reste etal. 2024:
Haro 11: 108 M, of HI removed from our
line-of-sight by tidal interaction

 Maulick et al. 2024, Gupta et al. 2024,
Yuan et al. 2024:
Detection of LyC from mergers

Multi-stage burst: Y

Efficient Lyman radiation
production

&
Clearing of the ISM

Tidal offset of
neutral gas



A role in facilitating LyC escape?

Questions:

- How common are galaxy mergers in LyC emitting samples?

- At what point are in the LyC emitted/escaping in a merger?



Characterizing mergers in LCEs

Simulations of galaxies at high-z: support for the idea of galaxy
mergers facilitating LyC escape
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Kostyuk & Benedetta, subm.



Characterizing mergers in LCEs

Observations have started systematically characterizing the merger
fraction of observed and candidates Lyman Continuum Emitters at high-z
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Characterizing mergers in LCEs

Observations have started systematically characterizing the merger
fraction of observed and candidates Lyman Continuum Emitters at high-z

P N
Mergers do not 86% LyC emitters
play a significant at z~3-4 are
role in LyC escape mergers

(NG <l

Mascia et al. 2025 Zhu et al. 2024 10



Characterizing mergers in LCEs

High-z studies (z>2): several caveats when it come to identifying
galaxy mergers.

1) High-z galaxies are 2) Low-surface brightness
clumpier, large number of feature disappear very
non-interacting star- quickly with redshift: (1+z)*
forming galaxies could Many mergers are missed

masquerade as mergers

e.g. Guo et al. 2015 e.g. Mantha et al. 2019

11
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An accurate characterization of
mergers in LCEs:
the LaCOS survey v



The Lyman alpha and
Continuum Origins Survey

LaCOS: HST cycle 32 program imaging
42 galaxies part of LzZLCS+ in five filters,
sampling the UV and optical.

(Le Reste et al., subm)

Goal: Determine the link between
resolved galaxy properties and LyC
escape.

Lya halo morphology (Saldana-Lopez et
al., subm), Resolved UV beta properties
(Jung etal. in prep)




ldentifying mergers in LaCOS

- 2~0.3

Deep coverage across five bands (B~)
High-resolution imaging: (0.1” PSF / 400pc)

22 Lyman Continuum Emitters / 20 non-emitters

- The ideal survey to identify and characterize mergers in LCE
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ldentifying mergers in LaCOS

1154050

RGB large scale RGB 20 kpc

LaCOS: 42 galaxies = Visual classification

Nvote,merg

F150LP F165LP FA38W Pme')"g — N + N
vote,merg vote,nonmerg

Prerg = 75%: Merger

F547M F850LP

Prerg = 25 — 75%: tentative merger indication

Prerg < 25%: no merger indication
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ldentifying and timing mergers in LaCOS

- Not a merger
In addition to classifying the galaxies in

Not sure merger/non merger, we classify the
Merger: mergers in broad timescale categories
1 - pre-interaction according to their morphologies

Merger:

2 - post-interaction .
For mergers votes, we assign a Score Sy, grg

> Merger: ranging from 1(pre-interaction) to 4 (post-
3 - pre-coalesence
coalescence)

‘ Merger:
4 - post-coalesence b
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Timing the mergers

Merger timescale:

o 4
J132937 o 2. Smerg
3 mers Nvote,merg

2.7

Broad measure of the
temporal evolution of a
galaxy interaction

18



Non-mergers

J093355

Mergers in LaCOS with visu
AT i identification

" -

Mergers

fesc=0.16 fesc=0.01 fesc=0.0 fesc=0.03 fesc<0.01

J115855 J095236 092552

e | 20% : mergers
e ' 40% LCE/60%nLCE

4 LY

fesc<0.01 fesc<0.02 fesc=0.0 S fesc<0.01

J110452 J113304

40%: tentative merger indications
45% LCE/35%nLCE

J131037 J120934 J121915

: 10%: no merger indication
14% LCE/5%nLCE

fesc=0.05 fesc<0.01 fesc<0.01

J090918 J131904 J140333

19
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Gini
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The pitfalls of classification with morphological
parameters

(even atz~0.3....)

o nu

Possible merger, vis
Confident merger, vis
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Mergers,Lotz+08
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&- w
%
-0.2 -0.1 00 01 02 03 04 05 0.6

Morphological
parameters calibrated
at z~1 on massive
galaxies are not
necessarily adapted
to LyC emitters
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The pitfalls of visual classification

Visual identification and
classification of mergers
can only be as good as
the data

-> Spectacular mergers
are easier to identify:
High mass, intermediate
stages of interaction

10°

F547M I'so ["]

10—1_

A
W
e |
*;.
N
&%D.**
o O 5’
LY

100 101
M+ [Mo]
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|s this a merger or a dwarf galaxy?

Blueberry galaxy z=0.029
032 =33

Mstar=10% Mg,

PGC5076296 5 kpc

22



|s this a merger or a dwarf galaxy?

©)

" Le Reste etal. in prep.

Tentative detection (20) of 21cm
around the galaxy + possible
tidal material with 1/3 of
MeerKAT time allocated.

Compactness in the optical
does not rule out a merger, and it
says nothing about the shape of
the labyrinth (HI morphology).

See also 21cm GMRT observations of
blueberries in Purkayastha et al. 2022, 2024

23



Observing 21cm from LaCOS with SKA?

75°

z~0.3 is within the
reach of SKA, but ; N/ VN S wat
LzLCS targets are i

mostly... in the North. ™\

° 120° 150°

LzLCS

® LaCos \
-60°

-75°
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Merger stage
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Beyond LCE ‘Sles: .
measuring merger timeﬁl
impact on ionization propertie




The ionization state of galaxies in mergers

[0111]25007

o —
32 [011]/13727

36.1 - 54.9 eV

Traces the ionization state of a galaxy

27



The ionization state of galaxies in mergers

10°¢

fLYC (COS UV)

1071¢

”
-
- -
-
L ==

-0.5 0.0 0.5
10910033

Flury et al. 2022b

1.0

1.9

' Stand alone galaxy properties are poor

predictors of feLSJC’C, and so is O;, (Jaskot et
al. 2019)

Nevertheless:

- Trend of increasing fe?czc with O32

- High O32 values : one of the criteria used
to select LyC candidates (/zotov et al.
2018,Flury et al. 2022a)

- Can be easily calculated for large
samples of galaxies

28



Example SDSS plate

D,.,; = projected separation between

close pairs

Used as a proxy for temporal
evolution of a merger.

But... fiber collisions in SDSS

29



Studying O32 in close pairs?
;/' g | ’

D

proj = Projected separation between
close pairs

Used as a proxy for temporal
evolution of a merger.

But... fiber collisions in SDSS

30



Cosmic Disco: characterizing galaxy collisions

Mantha, Le Reste et al, in prep.

* Zooniverse project measuring the impact of broad
merger timescales onto galaxy properties

« Sample pre-selected from SDSS with high quality
spectral line measurement (Ha, HB, Olll, Oll, NIl, SlI,
etc...)

* Cosmic Dico: galaxies with a relatively large chance of
being mergers according to Zoobot (CNN trained on
Galaxy Zoo classifications): 7244 galaxies

COSMIC DISCO: CHARACTERIZING GALAXY COLLISIONS STATISTICS

100% Complete

Volunteers Classifications Subjects Completed SubRdts



Cosmic Disco: characterizing galaxy
COuiSiOnS Mantha, Le Reste et al, in prep.

Non-merger Pre-interaction Post-interaction Pre-coalescence Post-coalescence

Objid=1237648675068379652

Objid=1237648720145416289 Objig:12376487(w31185 Objid=1237648704040861800 Objid=1237648721227218965

* We ask volunteer to place these galaxies in broad merger categories
to estimate merger timescales

* The project will result in a public catalog

32
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The ionization states of galaxy mergers

1.00

0.75

0.50

0.25

0.00 1

—0.25 -

—0.50 -

—0.75 1

—1.00

--F- target
--F- control

Dproj [kpc] or Merger Stage T,

Increase in 032 (as
compared to control
sample) as a function of
galaxy merger timescale

Le Reste & Mantha, in prep. 33



Conclusion

* Galaxy mergers represent a large fraction of both LyC (>45%) and Lya emitting
(84%) samples at low-z.

* Merger-driven enhancement fe?clc and 032 seem to happens predominantly
close to coalescence.

* The timescale on which mergers leak LyC might be relatively short
(~100Myr or less).

* Multi-wavelength, and especially 21cm observations, may be the only way to
accurately classify the most compact leakers
- we need samples in the south

34
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Reshaping the labyrinth: MeerKAT observations

Haro 11: 108 M_ , of HI removed from our line-of-sight by tidal interaction

Current time | II 111 IV

1
Observations !
1

e

102}

10t

SFR [Mg yr—!]

10° . ! | | | .
—100 0 100 200 300 400 500
Time [Myr]

LyC production -
Le Reste et al., 2024 regions Ejdetjarn et al. 2025, subm
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Hl in green peas/blueberries

1 1 1 I ] 1
| Green Pea medians

. XGASS medians
-
\
- ~@\ —_
| L | |
7 8 9 10

No obvious indication that
these objects have lower HI
content than z~0 objects.
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