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Abstract. Dwarf galaxies are the probable sources of the hot intra-cluster
medium, a subject of a series of recent X-ray discoveries. Galaxy interaction
trigger may lead to high star formation rates in these galaxies, that can lead
to multiple core collapse supernovae and hot gas ejection. We studied the star
formation rate history of merging galaxies in the IllustrisTNG 100-1, cosmolog-
ical, magneto-hydrodynamic simulation focusing on mergers where one of the
galaxies is a dwarf. We investigated the star formation rate and mass evolu-
tion of galaxies (progenitor), their dwarf merger companions (next progenitor)
and their descendants at cosmological timescales with the use of the simula-
tion’s merger trees. We processed different merger trees testing the robustness
of our method and found that the results are consistent. Our results show that
properties of galaxies in the compared merger trees are identical, only small
differences occur. We will present our methodology and the comparison of three
different merger trees, including the mass and star formation rate history of
the merging galaxies.
Key words: galaxies: evolution – galaxies: star formation – galaxies: interac-
tions – methods: numerical

1. Introduction

One of the most accepted ideas about the Universe is that it is homogeneous and
isotropic on a sufficiently large scale. But the question of the scale on which this
can be stated arises more and more often (Paal et al., 1992; Balázs et al., 1999,
2015; Mészáros et al., 2000; Bagoly et al., 2003; Vavrek et al., 2008; Horváth
et al., 2015; Horvath et al., 2020, 2022). IllustrisTNG (Nelson et al. (2017), Mari-
nacci et al. (2018), Pillepich et al. (2017), Springel et al. (2017), Naiman et al.
(2018)) is a suite of large volume, cosmological, gravo-magneto-hydrodynamic
simulations including a comprehensive model for galaxy formation. Each TNG
simulation self-consistently solves for the coupled evolution of dark matter, cos-
mic gas, luminous stars, and supermassive black holes from redshift z = 127 to
0 and generates 100 resulting snapshots from z = 20 to 0. We used the TNG100
run for analysis, the main high-resolution run including the full TNG physics
model, which has the size of 110.73 Mpc3 and contains more than 10 billion
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resolution elements.
The recent X-ray discoveries show that dwarf galaxies are probable sources of
the hot intra-cluster medium Nath & Chiba (1995). Galaxy interactions can trig-
ger the star formation rate (SFR) in the merger companions Shah et al. (2022).
These events can lead to energetic events like multiple core collapse supernovae.
A series of proper observational census of star forming galaxies and their SFR
led us to derive the star forming rate density (see eg. Stickel et al. (1998), Tóth
et al. (2000), Héraudeau et al. (2004), Madau & Dickinson (2014)). Previous
works investigating galaxy mergers SFR with IllustrisTNG: Hani et al. (2020)
made a post-merger sample with about 28.000 galaxy between redshifts 0 and 1.
They found no dependency on redshifts, but there is anti-correlation with stellar
mass, and SFR is correlated with the gas fraction of the progenitors. Here we
note that observational results on SFR should also consider geometrical effects,
i.e. the attenuation of UV radiation depends also on the inclination of the disk
of star forming galaxies (see eg. Suleiman et al. (2022)). Patton et al. (2020) an-
alyzed the massive galaxies dependence on the closest companions, they found
that the specific SFR is boosted by 14.5%. Brown et al. (2023) examined the
sSFR at z < 0.2 as a function of the separation from the closest companion
galaxy. They found that star forming galaxies show enhanced sSFR regardless
of the companions’ type and if there is a close passive companion, the main
galaxy is likely to be a passive galaxy as well. Using the IllustrisTNG simu-
lation other aspects of galaxy mergers were examined, e.g. supermassive black
hole accretion rates in post-merger galaxies Byrne-Mamahit et al. (2022) and
quenching in post-merger galaxies Quai et al. (2021).
Our goal is to estimate the differences of the galaxies average mass and SFR
between the merger trees in the IllustrisTNG simulation compared to the pre-
dictions of observational uncertainties. D’Silva et al. (2023) used two galaxy for-
mation simulations, Flares Lovell et al. (2021),Vijayan et al. (2021) and Shark
Lagos et al. (2018) to explore how well the JamesWebb Space Telescope (JWST)
Gardner et al. (2006) will be able to uncover the existence and parameters of
galaxies at 5 < z < 10. They found that the 1σ uncertainties by Flares are grow-
ing with z, by SFR from 0.71 to 0.98 by mass from 0.72 to 1.49 on logarithmic
scale. With Shark these values are respectively between 0.32-1.03 and 0.4-1.38.

2. Method

We used the IllustrisTNG 100-1 merger tree, which is a data structure of the
galaxies evolution. It uses the Sublink algorithm Rodriguez-Gomez et al. (2015)
for the descendants search with the following steps: first the it identifies the
candidates for every subhalo, it searches for galaxies in the following snapshot
with common particles of the chosen galaxy. The second step is scoring of the
candidates based on a merit function, which calculates the binding energy rank
of each particle in the galaxies. The last step is the identification of the unique
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descendant, which will be the subhalo with the highest score. To build up the
merger tree, a linked-list structure was created by Springel et al. (2005), so
that each subhalo is assigned pointers to ’key’ subhalos. The ’descendant’ is the
unique descendant of the subhalo in question. The ’next progenitor’ is the sub-
halo, which shares the same descendant as the subhalo in question, and which
has the next largest ‘mass history’ behind the progenitor. In our case the progen-
itor galaxies are those subhalos for which the descendants and next progenitors
were sorted out.
In general the progenitor galaxies are in the same snapshot, the descendants
are in the following. But there are some cases, when the descendant galaxy is
skipping a snapshot, or the next progenitor and the progenitor galaxies are in
different snapshots. These connections between the galaxies build up the merger
trees, which are completely independent from each other. Because of this inde-
pendency we compared three merger trees to find out if there is any difference
between them.
For analysing the data of the merger trees we downloaded the sublink tree files,
which are in 20 independent files, and each of them contains about 25 million
galaxies. We made a galaxy sample with star formation rates greater than 0
to reduce our sample only on those galaxies which are connected to the star
formation. After making this sample we searched for the progenitor and next
progenitor galaxies which have the same descendant. Since the next progenitor
galaxies are less massive galaxies than the progenitors we can identify them as
dwarf galaxies, in the next section at the investigation of their mass we can
conclude that this assumption was correct. After that we sorted them for every
redshift for z < 15. We didn’t take into account the galaxies at higher redshift,
because there were only a few of them. To avoid the problem with the snap-
shot skipping galaxies and those progenitors which are at different snapshots we
made simplifications. Our goal is to examine the average values of large number
of galaxies, therefore we simplified the galaxies snapshot numbers. We calcu-
lated the average values as if the two progenitors were in the same snapshot
and their descendants in the following. We focused on two parameters of the
galaxies: SFR and mass. We calculated the mean values for every snapshot (z
< 15) for progenitors, next progenitors and descendants. We made this process
for three different merger trees, the 0th, 5th and 6th, which we chose randomly
from the 20 possible files.
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3. Results

3.1. Mass

We first investigate the mass of the progenitor, next progenitor and descendant
galaxies in a single merger tree. Fig.1 shows the average mass of the galaxies
on logarithmic scale in 1010M�/h values, where h is the reduced hubble con-
stant (h = 0.6774), at every redshift lower than 15. Each point represents the
average values of the galaxies, ’X’ shows the descendants, triangles the selected
progenitors and squares the next progenitors. The mean mass of the descendant
galaxies shows large increase especially at z < 2. The descendant galaxies mass
are 2 order of magnitude higher at z = 0 than the progenitors. In general the
average values of the next progenitor galaxies are lower than 109M�/h, which
means that these are dwarf galaxies.
The merger tree in the IllustrisTNG 100-1 simulation contains 20 different
merger trees, which are numbered from 0 to 19. We investigated three merger
trees, Fig. 2 shows the comparison of these trees descendant galaxies average
mass at different redshifts below 15. We examined the 0. marked with ’X’, 5.
’square’ and 6. ’triangle’ merger tree. As the results are showing, there is no
significant difference between the individual merger trees. Fig. 3 shows the log-
arithmic difference of the descendant galaxies average mass between the merger
trees. The values are compared to the 5th merger tree’s results therefore the 5th
mergers values are equal to 0. There is only a slight difference ( smaller than
0.1 ) between the trees at high redshifts z > 2. After z = 2 these differences are
getting higher, especially az z < 1, where the 0th tree has values over 0.9 and
the 6th tree about 0.6. This shows that at high redshifts the results are similar,
but at z < 2 the dispersion is higher.
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Figure 1. Merger galaxies mean mass (< M >) versus redshift (z). Each dot shows
the average mass versus redshift at a given Snapshot. We represented the selected
progenitor galaxies with squares, next progenitors ’next’ galaxies with triangles and
the descendant ’desc’ galaxies with ’X’ markers. The progenitors and next progenitors
average mass are 2-3 order of magnitude smaller than the Descendant galaxies average
mass.
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Figure 2. Comparing three merger trees descendant galaxies average mass. No sig-
nificant difference can be seen between the individual merger trees, which are marked
with ’X’, triangle and square.
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Figure 3. Logarithmic difference (∆log10(< M >)) versus redshift (z) between the
three merger trees descendant galaxies average mass. The individual trees are marked
with ’X’ (0th tree), square (5th tree) and triangle (6th tree). The differences are below
0.1 at z > 2, at lower redshifts the values are getting higher.

3.2. Star formation rate

After the masses we investigated the SFR values of the galaxies. Fig. 4 illus-
trates the average SFR of the galaxies in the 6. merger tree on logarithmic scale
in M�/yr values at every redshift lower than 15. Each point represents the av-
erage values of the galaxies, ’X’ shows the descendants, triangles the selected
progenitors and squares the next progenitors. A significant increase can be seen
for every redshift between the progenitors and the descendants. Fig. 5 shows
the comparing of the descendant galaxies SFR from the examined merger trees.
The markers are similar to Fig. 2. The results form the trees are similar, Fig.
6 shows the logarithmic difference between them. Most of the values are below
0.4, only at z < 1 are some points with higher differences. Compared to the
masses, the differences are in general higher (z > 1) and inconsistent, there is a
peak at around z = 6 with ∆ = 0.4 but at z = 2 they are smaller than 0.2.
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Figure 4. Merger galaxies average star formation rate (< SFR >) on logarithmic
scale versus redshift (z). Each point represents the average SFR of the galaxies at
a given snapshot. ’X’ shows the descendants, triangles the selected progenitors and
squares the next progenitors. The descendant galaxies SFR is significantly higher for
the whole timescale than the progenitor galaxies.
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Figure 5. Comparing three merger trees descendant galaxies average SFR. No signifi-
cant difference can be seen between the individual merger trees. Each mark represents
the average SFR of the galaxies at a given snapshot. ’X’, triangles and squares are
showing an individual merger tree.
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Figure 6. Logarithmic difference (∆log10(< SFR >)) versus redshift (z) between the
three merger trees descendant galaxies average SFR. The individual trees are marked
with ’X’ (0th tree), square (5th tree) and triangle (6th tree). Excluding one point the
differences are lower than 0.5 order of magnitude at all redshifts.

4. Summary and Discussion

We investigated SFR and mass history of the merger galaxies in the IllustrisTNG
simulation. We compared the average masses and star formation rates versus
redshift in three individual merger tree in the simulation. We found that the
descendant galaxies masses are similar at high redshifts: the logarithmic differ-
ences (∆) are below 0.1 at z > 2, at lower redshifts z < 2 the values are getting
higher ∆ < 1. The difference of the star formation rates are inconsistent with
the redshifts. In general the values at higher redshifts are higher than by the
masses (up to 0.4), but the difference at lower redshifts is smaller (up to 0.5).
Compared to the simulated JWST observational data from z = 5 to z = 10,
most of the uncertainties are higher than the differences between the merger
trees, from which we can conclude that the individual merger trees are precise
enough to examine the average properties of the galaxies at high redshifts.
To sum up, we found that there is no significant difference between the individ-
ual merger trees at higher redshifts, larger differences can occur at z < 1.
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