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ABSTRACT

Aims. We investigated the impact of galaxy mergers on the Lyman continuum (LyC) radiation escape, f.s., from high-redshift galaxies.
Methods. We post-processed ~5 x 10° galaxies (redshift 5.2 < z < 10) extracted from the TNG50 cosmological simulation using a

physically motivated analytic model for LyC escape.

Results. Galaxies that have not experienced a merger for the last ~700 Myr have an average f.sc ~ 3%, which increases up to 14%
immediately following a merger. The strongest effect can be observed in galaxies with stellar masses of ~10” M. We attribute the
increase in the escape fraction to two main factors: (i) accretion of metal-poor gas onto the central region of a galaxy, which feeds
star formation and LyC emission, and (ii) displacement of neutral gas relative to star-forming regions, which reduces the optical depth
to LyC photons. We additionally examined how proximity to other galaxies influences LyC escape, finding that galaxies with more
neighbours tend to have more frequent mergers, and thus a higher LyC leakage. However, galaxies in overdense regions tend to have a
larger LyC escape fraction independently of mergers because of their higher gas inflow, and consequent increase in the star formation
rate. The increase in mergers and in gas inflow could contribute to low-mass galaxies ionising proximity zones of high-z Lya leakers

recently observed with JWST.

Key words. galaxies: evolution — galaxies: formation — galaxies: high-redshift — galaxies: interactions —

dark ages, reionization, first stars

1. Introduction

The re-ionisation of the intergalactic medium (IGM) is the last
major phase transition undergone by our Universe. Although
a consensus has been reached within the community that the
process is mainly driven by stellar-type sources, more ener-
getic sources such as accreting black holes or X-ray binaries
are expected to contribute to the heating and re-ionisation of
the IGM (see e.g. Qin et al. 2017; Dayal et al. 2020; Eide et al.
2020). Constraints on cosmic re-ionisation are limited to an esti-
mate of the global amount of electrons produced during the pro-
cess through measurements of the Thomson scattering optical
depth (Planck Collaboration VI 2020), and of the amount of neu-
tral hydrogen in the IGM during the latest stages of re-ionisation
mainly through observations of Lya emitting galaxies and spec-
tra of quasars and gamma-ray bursts (e.g. Totani et al. 2014;
Baiiados et al. 2018; Ouchi et al. 2020; Bosman et al. 2022).
Observations of the high-redshift universe have been revolu-
tionised by the advent of the James Webb Space Telescope'
(JWST), which is providing increasingly rich information on
the properties of high-redshift sources (e.g. Arrabal Haro et al.
2023; Bouwens et al. 2023; Donnan et al. 2023).

A key ingredient for the understanding of re-ionisation pro-
cesses and of galactic properties is the escape fraction of ionising
photons, a quantity that remains poorly constrained by observa-
tions (e.g. Vanzella et al. 2018; Bian & Fan 2020; Bosman et al.
2020), and at the same time is extremely difficult to model due to
the wide range of scales involved, as well as the dependence on
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a large number of galactic properties (e.g. Paardekooper et al.
2015; Rosdahl et al. 2018; Ma et al. 2020; Ocvirk et al. 2021;
Smith et al. 2022; Kostyuk et al. 2023).

As direct observations of Lyman continuum (LyC) radiation
escaping from high-redshift galaxies is hampered by the large
IGM opacity, observational efforts have concentrated at inter-
mediate (z ~ 3) and low (z ~ 0.2) redshift, and have resulted
in a steady increase in the number of known LyC leakers (e.g.
Flury et al. 2022). A recent key development has been the
identification of possible indirect diagnostics of LyC escape,
such as the slope of the LyC radiation (e.g. Chisholm et al.
2022), the prominence of certain metal lines (e.g. Barrow et al.
2020; Nakajima et al. 2020; Katz et al. 2020), or the details
of the Lya emission line (e.g. Dijkstraetal. 2014;
Chisholm et al. 2018).

Recently, measurements of the HI 21 cm emission in the
nearby re-ionisation-era analogue galaxy Haro 11 presented by
Le Reste et al. (2024) have identified galactic mergers as poten-
tial facilitators of LyC production and escape in high-redshift
galaxies. In particular, the study suggests that repeated gas com-
pression during a merger could drive star formation, thereby
increasing LyC production and feedback that clears out channels,
thus facilitating LyC escape. Furthermore, the process of tidal
gas displacement removes some of the gas around star-forming
regions, decreasing LyC photon absorption. In line with these
findings, Witten et al. (2024) have proposed that the increased
frequency of merger events in overdense regions at high redshifts
(z > 7) might contribute to the formation of the large ionised
bubbles necessary for the detection of Lya emitters at these red-
shifts.
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The goal of this work is to use simulations to investigate the
physical impact mergers have on early dwarf galaxies that affect
LyC escape. To this end, we extended the semianalytic frame-
work developed by Kostyuk et al. (2025; hereafter K25) based
on the physical model developed by Ferrara et al. (in prep.; here-
after F25) to describe the dependence of the escape fraction on
a number of galactic properties following galactic mergers. The
aim is to qualitatively understand how changes in physical prop-
erties following a merger impact the LyC escape of galaxies.
This paper is structured as follows. In Section 2 we provide a
brief introduction to the methodology used for our analysis, in
Section 3 we discuss the results, and in Section 4 we provide our
conclusions.

2. Methodology

In this section we introduce the basics of the methodology used
for our analysis. We refer to K25 for more details.

2.1. lllustris TNG50 simulation

Tllustris TNG50 (Nelson et al. 2019; Pillepich et al. 2019) is
a large-scale cosmological simulation of length 51.7 cMpc,
with initial conditions generated using the N-GenlIC code
(Springel et al. 2005) and cosmological parameters i,
0.3089, Qp, = 0.0486, Qx = 0.6911, h 0.6774, oy
0.8159, and ny; = 0.9667 (Planck Collaboration I 2016). The
simulation was performed on a Voronoi grid using the code
AREPO (Springel 2010). Following Weinberger et al. (2017)
and Pillepich et al. (2018), the gas particles contained within
Voronoi cells with hydrogen number density larger than 0.1 cm™>
are stochastically converted into stellar particles, each represent-
ing a stellar population with a Chabrier initial mass function
(IMF; Chabrier 2003). The Springel & Hernquist (2003) model
for the interstellar medium (ISM) is adopted to include sub-grid
processes and pressure support. The initial gas and dark mat-
ter particles mass is 8.5 x 10* M, and 4.5 x 10° M, respec-
tively, but these values can change by up to a factor of two
due to the refinement and de-refinement of the cells. As a ref-
erence, the mean size of star-forming gas cells is 144 ppc at
z=06.

Using the SubFind (Springel et al. 2001) and friends-of-
friends (Davis et al. 1985) algorithms, galaxies are identified
within sub-halos of minimum mass ~10° M. A black hole of
mass 8 X 103 h~' My, is seeded in each galaxy that reaches a
mass of 10'"3 M, and it subsequently grows through merg-
ers and gas accretion, according to an Eddington limited Bondi
formalism. Feedback from black holes and supernovae is mod-
elled as in Weinberger et al. (2017) and Pillepich et al. (2018),
respectively. Metal enrichment is included following the indi-
vidual abundances of elements such as C, N, O, Ne, Mg, Si,
Fe, and Eu. Finally, a spatially uniform UV-background (from
Faucher-Giguere et al. 2009) is turned on at z < 6. We refer
to Nelson et al. (2019) and Pillepich et al. (2019) for further
details.

2.2. Escape fraction model

In this section we briefly describe the method used to model the
escape fraction of ionising photons. We refer to F25 and K25 for
more details.
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In this approach a galaxy is modelled as a plane parallel
slab?, with ionised radiation produced within the galactic plane,
while the gas is distributed above and below it with constant
density, n, up to a gas scale height, H. This simplified model
is a reasonable approximation given the fact that most of the
gas is concentrated within only a few cells in proximity to
the galactic disc. Ionising photons are absorbed by gas as well
as dust, and are able to escape from the galaxy only if their
flux, F;, is strong enough to form a channel of ionised gas. By
expressing the ionising energy flux as a power law with slope
B = 4, and using the conversion between UV luminosity and
star formation surface density, Xspg, adopted by the REBELS
collaboration (Dayal et al. 2020), we obtain (see Egs. 1-3
in K25)

by

i )
ﬁhpK

where hp is the Planck constant, and « = 7.1 X

1072 Mg yr!erg™! sHz is a conversion factor appropriate for
the Chabrier IMF used in TNGS50.

The ionising radiation emitted by the stars is absorbed both
by neutral hydrogen (HI) and dust, with optical depth

Ny

and =
Ny

THI=N—O T4 2

s
Here Ny = nH is the gas column density, Ny = F;/(nag) is the
maximum gas column density that can be ionised by the flux F;,
g is the case B recombination rate, N; = 4.3 x 102 D! cm™2
is the gas column density at which the dust optical depth reaches
unity, and D Z|Zs is the dust-to-gas ratio normalised to
the galactic value obtained assuming a linear relation between
metallicity Z and dust (see Egs. 4-7 in K25).

We then write the LyC escape fraction as fo,. = e" 177 je.

1 1
esc — -No|— +—||.
oo |-0(5 + 5)

3

To evaluate the escape fraction of a galaxy, we define the
galactic plane as the plane spanned by the first two principle
axes of the galaxy, and from it we extract a cube of length equiv-
alent to four times the stellar half-mass radius. The gas particles
contained in the cube are then distributed on a Cartesian grid
with 100° cells®. In this framework, H is defined as the height
below and above the galactic plane that contains 63% of the gas
mass. All the physical quantities necessary to the calculation of
the escape fraction are then projected onto the galactic plane and
evaluated in each of the 100 2D grid cells. The escape fraction
of a galaxy is then given by

Z Fi,cellfesc,cell

cell
Z F i,cell

cell

fesc = (4)

where Fj e and fes cen are the ionising flux and escape fraction
in a cell obtained using Egs. (1) and (3) with the value of the
physical quantities evaluated in each element of the 2D grid as
detailed in K25.

Here we calculated the escape fraction of ~600 000 galaxies
with a minimum stellar and gas mass of 10°° M,, and 10° My,

2 See K25 for a discussion of the validity of this model for non-disc-
like galaxies.

3 The analysis performed in the Appendix of K25 shows that an excel-
lent convergence in the results is reached with this grid size.
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Fig. 1. Average LyC escape fraction as a function of time elapsed since

the last major merger for galaxies at various redshifts, as indicated by
the colours. The black line refers to all redshifts combined.

respectively, from 17 TNGS50 snapshots in the redshift range
5.2 < z < 20. The time since the last mergers was obtained
using catalogues based on the work of Rodriguez-Gomez et al.
(2017) and Eisert et al. (2023), where the evolution of a galaxy
is traced by identifying its particles in subsequent snapshots.
We note that the model presented here is first and fore-
most designed to qualitatively capture the characteristics of LyC
escape and their dependence on galactic properties, rather than to
obtain the exact quantitative value of the escape fraction. Given
the highly non-linear nature of LyC escape, this is unlikely to be
captured by a semi-analytic model. Additionally, as the TNG50
simulation does not fully resolve the interstellar medium (ISM),
even with a fully numerical approach such as the one presented
in Kostyuk et al. (2023), the exact value of the escape fraction
depends on the assumptions adopted to model the unresolved
scales. We highlight, though, that this problem afflicts all numer-
ical investigations of LyC escape, as none is presently able to
resolve all the scales involved, down to molecular cloud scales.

3. Results

In this section we present the results of our analysis in terms
of the global evolution of f, its correlation to various galactic
properties, and the impact that mergers have on it.

3.1. Global evolution of f.s. after mergers

In Fig. 1 we begin our investigation by exploring the evolu-
tion of the average (including all galaxies) LyC escape (fesc)
as a function of the time elapsed since the most recent major
merger event, fmerger (1.€. With a stellar mass ratio >1/4 between
the two merging galaxies), at various redshifts. Here, we see a
clear decline of ( fesc) with increasing #yereer. Although this trend
is consistently observed at all redshifts, it is less pronounced at
higher redshift, due to the overall lower value of the LyC escape
fraction, as previously shown in K25. When all redshifts are
analysed together, (fes) decreases from ~14% for galaxies that
have experienced a merger within the last ~50 Myr, to ~3% in
the case of mergers that took place ~800 Myr prior. Since more
massive galaxies experience fewer mergers, it should be noted
that the decrease in (f.s.) with increasing merger time reflects
to some extent the fact that the LyC escape is typically lower in
more massive galaxies.

I M. =1050-102M,
I M. =10°6-10%8M,
- M. =1072-1073M,
—F- M. =1078-10""M,

M. =10%4—-10%5M,

—F- all galaxies
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Fig. 2. Average LyC escape fraction as a function of time elapsed since
the last major merger for galaxies at all examined redshifts with differ-
ent stellar masses, as indicated by the colours. The black line refers to
all masses combined and is the same as in Fig. 1.

Therefore, to disentangle the effects of merger time and
galactic mass, in Fig. 2 we examine the average escape frac-
tion as a function of fyereer in different stellar mass bins. We
again observe a decline in ( fesc) With increasing fyerger, but now it
is less pronounced, with the average escape fraction decreasing
by approximately 2% in the lowest stellar mass bin, i.e. M, =
(105—10%2) Mg. The strongest decline (~10%) is found at M, =
(1072=1073) My, while for higher masses it becomes smaller
again, due to the generally lower LyC escape fractions exhibited
by more massive galaxies. The reason for the weaker correlation
observed in the lowest mass bin is twofold. First, a significant
fraction of galaxies leak LyC through an extended (rather than
localised) area, which, as is shown in Fig. 3, is affected differ-
ently by mergers. Second, the merger events in these galaxies
take place on much shorter timescales, such that the changes
in galactic morphology and SFR are not resolved with the
time resolution used here. The suggested shorter timescales of
merger induced LyC escape aligns with the patterns identified
in prior galactic merger simulations. Renaud et al. (2014) find
a sequence of multiple star formation bursts over a time span
of ~100 Myr subsequent to the merger event involving galax-
ies with M, ~ 10'°M,. Conversely, simulations by Lahén et al.
(2019) focusing on less massive galaxies with M, ~ 107 M
produce a single burst of star formation as a consequence of the
merger, typically lasting only a few million years. By extrapo-
lating this trend towards lower masses, it can be inferred that
galaxies with M, ~ 10® M, would likely experience even briefer
episodes of star formation subsequent to merger occurrences.

Interestingly, galaxies that have never experienced a merger
exhibit significantly higher average escape fractions compared
to those that underwent a merger in the more distant past. The
elevated average for the no-merger sample is largely driven by a
strong bias towards low-mass galaxies, which also renders this
dataset uninformative in Fig. 1. The remaining values can be
explained by the fact that galaxies that accumulated their stel-
lar mass without mergers tend to have disproportionately high
star formation rates, resulting in enhanced LyC production and
the formation of more ionised escape channels.

We note here that the same investigation has also been per-
formed on the galaxies analysed in Kostyuk et al. (2023) with a
full radiative transfer approach for the evaluation of the escape
fraction. While a similar correlation between ( fesc) and ferger 15
found, it is not shown here as that study was limited to a smaller
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Fig. 3. Average LyC escape fraction as a function of time elapsed since

the last major merger for galaxies with gas scale height H < 10?! cm

(ext-mode of escape) and H > 10! cm (loc-mode), as well as the full
sample. The lines refer to galaxies at all redshifts and stellar masses.

stellar mass range of (107-10%) Mg, and to a smaller number of
galaxies, rendering the results less statistically significant.

3.2. Impact of galactic mergers on different escape modes

In K25 we have shown that LyC escapes from early galaxies
in two distinct ways. If cooling is efficient in small galaxies
(M, < 10" M) and star formation is widespread, LyC escapes
over an extended area at the outer regions of the galaxy (in K25
this was referred to as the ext-mode of LyC escape). In this case,
the gas scale heights tend to be small (H < 102! cm), result-
ing in a higher gas recombination rate, with the consequence
that LyC radiation is primarily absorbed by hydrogen. On the
other hand, if most star formation takes place in highly localised
areas, LyC escapes through small channels near these regions,
which are usually located close to the centre of the galaxy (loc-
mode). In these galaxies the gas scale heights tend to be larger
(H 2 10*! cm), decreasing the recombination rate such that in
this mode dust significantly contributes to the absorption of LyC
radiation.

Due to these significant differences in the mode of LyC
escape, in Fig. 3 we investigate the correlation between the
average LyC escape fraction and fmerger for galaxies with H <
10! cm and H > 10%' cm separately. The two modes show a
very different evolution. As most galaxies have H > 10?' cm, the
evolution for galaxies in which the loc-mode is prevalent looks
similar to that of the full sample, as seen from the black lines in
Figs. 1 and 2. On the other hand, for galaxies with an ex-mode of
escape the correlation differs substantially at #perger < 400 Myr.

In Fig. 4 we show histograms of the average escape fraction
as a function of the time since the last major merger and the
gas scale height*. To avoid the bias introduced by the correlation
between galactic stellar mass and merger time observed in Fig. 2,
we examine only galaxies with 108 My < M, < 107? My. We
find that the gas scale height is not greatly affected by a merger
in galaxies with an ext-mode of LyC escape (upper panel), while
for galaxies with loc-mode (lower) the average gas scale height
immediately after a merger is higher by a factor of 1.5 (0.2 dex)
than the one 400 Myr after the merger. This is likely caused

* The colour scale is capped at {f,sc) = 0.2 to emphasise variations in
the average escape fraction. This is a purely arbitrary choice and does
not imply any physical limit on (fes)-
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Fig. 4. Histogram of the average escape fraction as a function of the
time since the last major merger and the gas scale height for galaxies
with H > 10?! cm (loc-mode; upper panel) and H < 10! cm (ext-mode;
lower panel). The dashed and dotted lines refer respectively to the one-
and two-sigma distribution of galaxy counts of the respective samples,
while the green line corresponds to the average gas scale height of all
galaxies in a given fyerger bin.

by tidal disruption of galactic gas during the merger, which
enhances LyC escape because the recombination rate scales as
ocH™2. In the ext-mode we see that the average escape fraction is
actually lower for smaller gas scale heights, as the LyC produc-
tion is driven by efficient cooling on the outskirts of the galaxy
as described in K25.

This example illustrates the reason for the different correla-
tion between mergers and LyC escape observed in Fig. 3. While
typically properties of galaxies exhibiting an ext-mode or loc-
mode of escape are mostly affected very similarly by mergers,
the different evolution of (fs.) arises from its opposite correla-
tion with galactic properties, as illustrated in Fig. 4 for the col-
umn height.

3.3. Impact of post-merger galactic properties on the escape
fraction

In Fig. 5, we analyse how galactic properties evolve following a
merger and how these changes influence the escape fraction. To
isolate the effect from its known correlation with stellar mass,
we restrict our sample to galaxies within the stellar mass bin
M, = 10872 M. All panels share the same format: the his-
tograms show the average escape fraction of galaxies in each
Imerger—Property bin, while the green line traces the mean value of
the respective property as a function of time since the last major
merger. To indicate where the majority of galaxies in our sample
is located in parameter space, we overlay contours enclosing the
1o (dashed) and 20 (dotted) regions of the distribution.

The first property we investigated is the directional flow of
gas following a merger, which can have a significant impact on
the galaxy’s star formation activity and gas distribution, which in
turn affects its LyC escape. To investigate this relationship, we
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Fig. 5. Histograms showing the average escape fraction (colour bar) as a function of the time since the last major merger for galaxies in the
loc-mode with stellar masses M, = (10°8—1072) M. The panels refer to dependence on the gas flow Feas (top left), the specific SFR (top right),
the ratio of galactic gas and stellar mass (centre left), the ratio of the peak rotational velocity and the one dimensional velocity distribution (centre
right), the metallicity of the galaxy normalised by the stellar mass (bottom left), and the distance between the centre of mass of the galactic gas
and the centre of mass of the star-forming gas (bottom right). The dashed and dotted lines refer respectively to the one- and two-sigma distribution
of galaxy counts, while the green line represents the average value of the given quantity of all galaxies in a given fperger bin.

define the gas flow as

i Di " To,
F, ¢ = ;’
0 Sipd

with p; being the momentum of the gas particle and r; the unit
vector pointing from the galactic centre to the centre of mass of
the gas particles. In other words, this is the ratio between the total
gas momentum and the gas momentum of the flow moving away
from the galaxy. Here, negative values correspond to gas inflow,
with —1 meaning radial collapse, while a value of 1 indicates that
all gas flows radially away from the galaxy.

From the top left panel of Fig. 5 we see that shortly after a
merger and until fperger ~ 300 Myr, On average ¥, is negative, i.e.

&)

we have predominantly gas inflow. The escape fraction has a min-
imum at ¥, ~ 0, with the value increasing for both in- and out-
flow. While an outflow results in lower column density and optical
depth, inflow fuels star formation and the production of LyC pho-
tons, which in the loc-mode are able to ionise escape channels.
However, as time progresses following a merger, galaxies reach
an equilibrium state. As a consequence, the gas inflow decreases,
and as a result too few young stars form to ionise escape channels
and the escape fraction decreases. This is likely also the reason for
the flattening of the specific star formation rate (sSFR) evolution
after a similar time as seen on the left.

Next we found that on average the sSFR decreases approx-
imately linearly on a logarithmic scale until 600 Myr after the
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merger, and subsequently becomes roughly constant. Directly
after a merger it is twice as high (0.3 dex) as at fiperger = 600 Myr,
likely because of the additional inflow of gas onto the galac-
tic centre. We observed that both high and low values of sSFR
lead to an elevated escape fraction. Notably, the location of
the minimum in (fis) as a function of sSFR decreases from
sSFR = 1078 yr™" at fmerger = OMyr to sSFR = 1078 yr~!
at fyerger = 500Myr. This suggests a non-linear relationship
between fs. and inflow rates, which, when substantial enough
to support significant star formation, results in higher escape
fractions. However, when the sSFR is too low, additional inflow,
while boosting the star formation rate, absorbs more LyC radia-
tion than it generates through star formation.

Next, we observed that following a merger event, the addi-
tional inflow of gas also results in an increase in the ratio
of gas to stellar mass. Within the examined time interval this
ratio increases by 0.4dex (a factor of ~2.5). This increased
availability of gas is expected to fuel star formation, thereby
contributing to the formation of pathways for LyC escape. Fur-
thermore, the inflowing gas tends to be more metal poor than
the galactic gas, and thus contributes little to dust absorption.
Conversely, a higher value of M, corresponds to an increased
metallicity within the galaxy, and thus enhanced dust absorption
and a reduction in the overall average escape fraction.

The centre right panel shows the ratio vyax /0, Where vy is
the maximum of the rotational velocity and o, is the 1D veloc-
ity dispersion. This ratio can be used as a proxy for galactic
morphology: higher values characterise disc-like galaxies, while
lower values correspond to a more spherical shape. We see that
on average vmax /0, decreases after a recent merger, as a conse-
quence of the tidal disruption that galaxies experience. Addition-
ally, as discussed in the first panel, after a merger event gas flow
increases, resulting in a larger velocity dispersion. As a conse-
quence of the gas becoming less concentrated, its density and
optical depth decrease, and thus the escape fraction increases.

In the bottom left panel we explore the behaviour of the
Imerger dependent escape fraction in relation to the metallicity.
To remove the bias due to the correlation between Z and M, , we
introduce the specific metallicity as the metallicity normalised
by the stellar mass (Z/M,). This quantity decreases on average
by approximately 0.3 dex (equivalent to a factor of 2) within the
examined fyereer Tange. This decrease in the specific metallicity
is particularly pronounced in the first 300 Myr after a merger.
This in turn results in an increase in the average escape frac-
tion of galaxies as can be seen by the contour lines encompass-
ing a larger number of the high (f.s.) bins. The cause for this
correlation lies in the previously mentioned migration of metal-
depleted gas from the CGM towards the inner galactic regions
during the merger process. As discussed in K25, dust in the loc-
mode significantly contributes to LyC absorption for galaxies
in the examined mass range. Given our assumption of a linear
relation between metal and dust content, a negative correlation
emerges between the specific metallicity and LyC escape.

Finally, Le Reste et al. (2024) have suggested that mergers
result in an offset of gas from the star-forming regions, thus facil-
itating the formation of ionised channels and the escape of radi-
ation. To investigate this, we introduce the quantity Ac, which
is defined as the distance between the centre of mass of all gas
within the galaxy and the centre of mass of the star-forming gas.
In the lower right panel, we see that A¢ increases after a merger,
and that a large offset is strongly correlated with an increase in
the escape fraction, which is to be expected because of the reduc-
tion in optical depth due to the lower column density. We there-
fore conclude that for small #yerger, neutral gas is initially offset
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Fig. 6. Number of galactic neighbours within 10 virial radii of a galaxy
as a function of Zyerger in the loc-mode. The dashed and dotted lines refer
respectively to the one- and two-sigma distribution of galaxy counts.
The green line corresponds to the average value of N, of all galaxies
in a given fyerer bin. We inspect galaxies at all redshift with M, =
(106,8_ 1072) M@-

from the central star-forming regions, but momentum exchange
between neutral and star-forming gas slowly reduces this offset
leading to a lower Ac.

3.4. Mergers and increased Ly visibility

Finally, we tested the suggestion made in Witten et al. (2024)
that a merger-driven increase in LyC escape might facilitate
the creation of ionised proximity zones surrounding high-z Lya
emitters (LAEs), increasing their visibility. To investigate this
hypothesis, in Fig. 6 we show how ( fesc) and fmerger are correlated
to the average number of neighbours a galaxy possesses within
10 virial radii Noy,,’, which is a proxy to determine whether a
galaxy is located in an over- or underdense region. To ensure
that only neighbours that would result in a significant merger
are taken into account, we considered only galaxies with masses
that are within 0.4 dex below and 0.2 dex above® the mass of the
galaxy under consideration. As before, we performed this analy-
sis for galaxies with M, = 10%8—-1072 M, Finally, as we found
no significant qualitative variation with redshift, we increased
the statistics by considering all redshifts together.

The average number of neighbours decreases for larger
Imerger> from 90 for galaxies right after a merger to 65 at fyerger =
600 Myr, supporting the expectation that mergers take place
more frequently in overdense environments. The colour gradi-
ent along the x-axis indicates that for a fixed number of neigh-
bours, recent mergers increase the escape fraction, supporting
the suggestion by Witten et al. (2024) that the more frequent

5 As the virial radius is not provided for TNG sub-halos, we used

the stellar half-mass radius as a proxy, assuming rsgymg = 0.0157y;
(Kravtsov 2013).

6 The asymmetric binning is based on the idea that the galaxy emerged
through the merger of two lighter galaxies. Therefore, slightly smaller
galaxies are a better tracer of the merger frequency experienced by a
galaxy in a given mass bin.
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mergers in overdense environments contribute to an increase in
LyC escape. However, we additionally see a strong colour gra-
dient along the y-axis, indicating that independently of the last
merger, galaxies with more neighbours tend to have higher LyC
escape. We have verified that this is likely to be caused by more
efficient gas exchange with the environment for galaxies in over-
dense regions, resulting in higher gas-to-star ratios as well as
lower metallicities, which are both correlated with higher escape
fractions.

4. Conclusions

Recent observational studies (e.g. Le Resteetal. 2024;
Witten et al. 2024) have suggested that mergers of dwarf
galaxies at high redshift might be a key cause of LyC leakage.
The latter would be fuelled by the increase in star formation
associated with gas in-flow, the reduction of gas column density
due to tidal disruptions, as well as the offset of neutral gas
from the star-forming regions. In this study we have applied
the method introduced in Kostyuk et al. (2025) to TNG50
galaxies, and confirmed that also in these simulations LyC
escape increases following recent merger events.

We find that the effect is most pronounced in galaxies with
M, =~ 107 M, for which the average escape fraction decreases
from 14% immediately after a merger to 3% 700 Myr after the
event. It is worth noting that mergers can exert a significant influ-
ence even on smaller galaxies, but the effect is expected to occur
over timescales shorter than those resolved by the simulation.
On the other hand, the absolute decrease in the escape fraction is
smaller for higher mass galaxies, given their intrinsically lower
escape fraction.

While mergers affect the physical properties of all galaxies
in a similar way, the change in these properties has a differ-
ent impact on the LyC escape, depending on whether a galaxy
belongs to the ext- or loc-mode. We find that galactic mergers
lead to an increase in fs. only in the more prevalent loc-mode,
where LyC leakage takes place mainly from relatively small star-
forming regions in the centre of the galaxy. Instead in the ext-
mode, where LyC leaks from wide star-forming regions in the
outskirts of the galaxy, we found that a merger event decreases
the escape fraction in the exs-mode. In this mode the escape frac-
tion is higher ~200 Myr after a merger than it is immediately
following a merger event.

To gain deeper insights into the relationship between LyC
escape and galactic mergers, we investigated the correlation
between post-merger galactic properties and the resulting LyC
escape. We have found that, following a merger, metal-poor gas
flows from the galactic environment into the galactic centre,
increasing star formation and thus LyC production, which in turn
creates more escape channels. Additionally, mergers cause a dis-
placement of neutral gas relative to the star-forming gas, which
in turn reduces the opacity for radiation escaping the galaxy.

Finally, we introduced the average number of neighbours a
galaxy has within 10 virial radii as a measure for the galac-
tic density of the environment. We found that galaxies having
more neighbours tend to have higher escape fractions, due to the
more frequent mergers. Additionally, LyC escape from galaxies
in overdense regions is increased because of the larger rate of gas
inflow, which increases the star formation rate, while decreasing
gas absorption due to decreasing metallicity.

In summary, our findings support the observational claims
that in the early Universe, merging of dwarf galaxies leads to a
substantial enhancement in the escape of LyC radiation.
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In the future, we aim to enhance the robustness of our find-
ings by extending our analysis to a wider range of high-redshift
simulations in order to investigate the model dependency of our
results.

Data availability

The data that support the findings of this study are available upon
request from the authors.
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