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Table 1. The general type of the stellar feedback implementation
adopted by each code group.

Code Stellar feedback

Art-| T+K, RP
Enzo T
Ramses T, DC
Changa T+S
Gadget-3 T+K, RP, DC
Gadget-4 T+K
Gear T, DC
Arepo-T T
Gizmo T+K

TT = thermal feedback, K = kinetic feedback, RP = radiation
pressure, DC = delayed cooling, S = superbubble. We note that the
literature sometimes draws a distinction between kinetic and
mechanical feedback (Rosdahl et al. 2017). In the Kinetic scheme, the
injected momentum is governed by a free parameter, whereas in the
mechanical scheme, it depends on whether the Sedov Taylor phase of
the supernova is resolved. ART-1 and GADGET-3 employ the kinetic
feedback, while GADGET-4 and GIZMO employ the mechanical
feedback. For simplicity, since both schemes operate by injecting
momentum, we refer to them collectively as "kinetic feedback™ (K).
The feedback scheme of each code group follows the prevalent
practice in its community as closely as possible. For more details
about the specific implementation, the readers can refer to Papers
111, 1V, and Paper IX - Part 1 and the references within.

Table 2. The name and timing of our four merger stages.

Stage Starting Ending
Infall tstart (tstart + tmax):2
First passage (tstart + tmax)=2 Tmax
Coalescence tmax tais
Post-coalescence tois -

2.2. Halo Finding and Stellar Assignment

The DM halos and the merger tree are identified us-
ing HASKAP PIE (Barrow et al. 2026a, Paper Xl),
an all-in-one algorithm that performs both halo find-
ing and merger tree construction via overdensity-finding,
energy-solving, cluster-finding, and particle tracking.
HASKAP PIE defines halos using the DM particles’ or-
bital energy, allowing robust definitions of non-spherical
halos and ensuring that the halo structure comprises
only mutually bound particles. The non-spherical shape
of a HASKAP PIE halo is defined by a convex hull.
The algorithm also calculates the orbital energy of each
star particle with respect to all identified DM halos and
assigns stars to the halos with which they have negative
orbital energy. The details of the merger history of the
main galaxy can be found in Paper IX - Part 1.

2.3. Merger timings and parameters
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Throughout the remainder of this work, we designate
the more massive halo/galaxy in a galaxy merger as the
primary and the less massive as the secondary. The
primary galaxy is also the most massive galaxy or the
main galaxy in the CosmoRun simulations.

Similar to the method outlined in Paper IX - Part 1,
we identified four key moments of our target merger:
tstart (the time when the two convex hulls of the merg-
ing halos overlap for the first time), tf, (the time of
the first periapsis), tmax (the time of the first apoapsis),
and tqs (the time of coalesence). The timestep preced-
ing tstart 1S also referred to as the pre-infall timestep
(tpre-infan). The coalescence criterion, as detailed in Pa-
per IX - Part 1, is determined using the primary galaxy’s
radius, the distance between the two progenitor galax-
ies, their relative velocity, and the velocity dispersion of
each galaxy’s stellar core. We define a galaxy’s stellar
core as the 10% most bound star particles selected at
tstart, and we tracked these particle subsets throughout
the merging interaction to obtain the distance, relative
velocity, and velocity dispersion of the progenitor galax-
ies. From the timings, we divided the merging interac-
tion into four stages, which are shown in Table 2. The
merger’'s DM mass ratio, stellar mass ratio, and total
mass ratio are calculated at ¢pre-infan. Table 3 displays
the timings and the mass ratios of the target merger.
The reader can refer to Paper IX - Part 1 for details of
other merger parameters, such as the orbital trajectory,
the orbital orientation, the gas mass, and the DM mass
of the progenitor galaxies.

Another important timestep for our analysis is the
equivalent timestep. Because of the timing discrepancy
and variations in merger durations (as shown in fig. 3
of Paper IX - Part 1), it is essential to select an appro-
priate timestep for analysis to ensure a fair comparison
of the merger outcomes across different codes. We refer
to this timestep as the equivalent timestep (post=eq)- It
must satisfy two conditions. Firstly, it must have the
same elapsed time after the first periapsis to allow the
target merger in each code to dynamically evolve over
the same duration. Secondly, the selected time must fall
within the post-coalescence stage (or post-merger stage)
yet not too far from the coalescence timestep, when the
merger remnant becomes dynamically stable but does
not get largely affected by other processes. The only ex-
ception in our choice of fygst=eq Is With the GEAR sim-
ulation, in which the two progenitor galaxies take a sig-
nificantly longer time to coalesce compared to the other
CosmoRun simulations (Table 3). By the time GEAR’s
coalescence is achieved, the main galaxy has already
started the infall stage of another merger with a DM
mass ratio of  0.2. Thus, tpost=eq Cannot be selected to



Figure 1. Gas projection plots showing key moments - tstart (column 1), an intermediate timestep between tstare and trp (column
2), trp (column 3), tmax (column 4), tes (column 5), and tpost/eq (cOlumn 6) - of the target merger across nine CosmoRun codes.
For each code, all projections are centred on the primary galaxy’s centre with their normal vector aligned with the system’s
angular momentum at tpost/eq (face-on view at tpostseq). FOr visual references, the trajectory and the location of the secondary
galaxy at each timestep are overplotted as dashed white lines and red dots, respectively. Blue code names indicate codes with
kinetic feedback, the asterisk sign (*) denotes codes with delayed cooling and/or radiation pressure schemes, and the dagger
sign (1) denotes codes with the superbubble scheme.



be in the post-coalescence stage of GEAR, as the galaxy
properties would be contaminated by the effect of the
second merger or other processes in between. As a re-
sult, for the target merger, we chose fpost=eq 10 be in the
post-coalescence stage of all codes but GEAR, for which
it falls within GEAR’s coalescence stage. Specifically,
we chose the equivalent timestep to be 600 Myr after
the first periapsis. Despite the uncoalesced nuclei, the
galaxy system of GEAR at fpost=cq remains relaxed as a
single system with no prominent tidal features at its out-
skirts. In Section 3, we compare the stellar radial mass
distribution and the disc morphology after the merger
at tpost:eq-

Fig. 1 displays the gas projections centred on the main
galaxy throughout the merging interaction, showing the
system at the key timesteps defined above. For each
code, we centre the projections on the primary galaxy
and align their normal vector with the system’s angular
momentum axis at Zpest=eq (face-on at fposi=eq). BY the
time of coalescence (fifth column), the systems in all
codes have relaxed into a single, coherent structure with
only one nucleus.

2.4. Defining Galactic Centre

HASKAP PIE defines the centre of a DM halo as the
centre of gravity of all bound DM particles to that halo.
The DM halo’s centre, however, does not always coin-
cide with the centre of mass of the galaxy’s baryonic
component (gas plus stars), especially during halo in-
teractions. As this study mainly focuses on the changes
in the stellar and gas components, it is more appropri-
ate to compute and use the baryonic centre of mass in
our analysis. We will refer to this centre as the galactic
centre. The galactic centre is identified by an iterative
procedure in which we begin by choosing an initial cen-
tre, then we iteratively expand out to a larger radius
and recalculate the centre of mass until the combined
density of gas and stars exceeds a specified overdensity
threshold relative to the universe’s critical density at a
given redshift. We find that an overdensity threshold of
2000 works well for this method. The initial centre can
be selected as the centre of mass of the galaxy’s stel-
lar core, or the centre of mass of the inner-radius stars
for a more general case, or the galactic centre found in
a previous snapshot. As remarked by Paper VIII, this
method works well for galaxies with an extended mass
or a non-unimodal distribution, particularly in the case
of RAMSES and GEAR.

3. RESULTS

In Paper IX - Part 1, we identified three patterns
of how the star formation rate (SFR) evolves during
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the merging interaction. These patterns depend on
the type of stellar feedback that each code group em-
ploys. First, codes that use both kinetic feedback and
thermal feedback (ART-1, GADGET-3, GADGET-4,
and GIZMO) display a starburst starting from the be-
ginning of the first passage stage and persisting un-
til the first half of the coalescence stage, after which
the SFR declines rapidly. Second, codes that use ther-
mal feedback without kinetic feedback (ENZO, RAM-
SES, CHANGA, GEAR, and AREPO-T) show a general
growth of SFR even after coalescence with no significant
declines. Third, codes that implement the delayed cool-
ing (RAMSES, GADGET-3, and GEAR) or radiation
pressure (ART-1) prescription experience an SFR evo-
lution with more short-timescale, small-amplitude fluc-
tuations. Moreover, the delayed cooling and superbub-
ble schemes inhibit gas from reaching high central den-
sity. In this study, we will show that the type of stellar
feedback not only impacts the star formation response
but also influences the stellar morphology of the merger
remnant. We will also discuss how the morphological
transformation relates to the SFR evolution trend.

3.1. Stellar radial distribution

We first investigate where stars formed during differ-
ent merger stages are located in the merger remnant.
Fig. 2 displays the radial stellar mass distribution of
the main galaxy, with panel (a) showing the pre-merger
state at tpre infan and panel (b) showing the post-merger
state at fpost=eq- T Ne post-merger distribution is further
decomposed into five stellar groups: the main galaxy’s
pre-existing stars prior to the merger, stars formed dur-
ing the infall stage, stars formed during the first pas-
sage stage, stars formed during the coalescence stage
and/or up to the equivalent timestep, and stars de-
posited from the secondary galaxy. We define deposit
stars (in green) as stars that are, at any given time dur-
ing the interaction, more gravitationally bound to the
secondary galaxy than to the primary galaxy. In other
words, the deposit stellar group includes all stars exist-
ing in the secondary galaxy before the infall, as well as
stars formed during the interaction that are more bound
to the secondary galaxy (note that a star can be bound
to both the main galaxy and secondary galaxy during a
merger). Because of tidal stripping, these deposit stars
have an extended radial distribution after accreting onto
the main galaxy, as shown in the green inset histograms
in Fig. 2 for most of the codes.

At the beginning of the merger, except for GADGET-
3 and GADGET-4, the participating codes agree rela-
tively well on the stellar mass profile of the main galaxy,
as shown by panel (a) of Fig. 2. Nonetheless, the pro-



Table 3. The times of four key moments of the target merger, the primary galaxy’s stellar mass before the infall, the merger’s
stellar mass ratio, and the merger’s DM mass ratio for the nine CosmoRun codes. The times are listed in Gyr since the Big Bang
with the corresponding redshifts. We define tstare as the start of the merger, when the two DM halos first overlap; tg as the
time of first periapsis; tmax as the time of first apoapsis; and tgis as the time of coalescence.

Code tstart (GYN)jZstare | tip(GYNjzZip | tmax(GYN)jZmax | tas(Gynjzes | 10g,0(MEpri=M ) F DM
ART-I 1.08 | 5.47 145 4.31 1.53 | 4.14 1.93 | 3.39 8.78 0.81 | 0.77
ENZO 1.13 | 5.27 1.39 | 4.45 1.47 | 4.27 1.70 | 3.77 8.37 0.53 | 0.47
RAMSES 1.06 | 5.53 1.40 | 4.45 1.48 | 4.22 1.74 | 3.69 8.55 0.93 | 0.73
CHANGA 1.10 | 5.39 142 | 4.37 1.49 | 4.19 1.85| 3.50 8.33 0.68 | 0.60
GADGETS3 1.05 | 5.59 142 | 4.36 1.48 | 4.23 1.66 | 3.85 8.85 0.15 | 0.88
GADGET4 1.05 | 5.60 1.40 | 4.40 1.47 | 4.30 1.86 | 3.50 8.88 0.06 | 0.93
GEAR 1.17 | 5.12 1.48 | 4.26 1.54 | 4.12 2.43]2.75 8.82 0.44 | 0.73
AREPO 1.07 | 5.49 143 4.35 1.50 | 4.19 1.70 | 3.78 8.17 0.47 | 0.87
GIZMO 1.08 | 5.48 1.44 | 4.36 1.49 | 4.23 1.88 | 3.47 8.08 0.50 | 0.73

file shows considerable divergence after the merger. The
main galaxy in ART-I, ENZO, AREPO-T, and GI1ZMO
becomes more compact after interaction, whereas the
galaxy in RAMSES, CHANGA, and GEAR becomes
more extended. This compaction can also be seen in
the gas projection plots in the sixth column of Fig. 1.
In GADGET-3 and GADGET-4, the main galaxy al-
ready undergoes an early compaction before the target
merger, which is caused by a preceding strong starburst
at z 6 (see Appendix B of Paper IX - Part 1 for a
detailed analysis). Indeed, the stellar half-mass radii
of GADGET-3 and GADGET-4 (329 pc and 168 pc,
respectively) are about an order of magnitude smaller
than the average value of the other codes. As these half-
mass radii are comparable to the spline softening scale,
esp = 2.8¢ 224 pc (Springel 2005, for a Plummer soft-
ening length of e = 80 pc set in the CosmoRun suite), the
pre-merger galaxy sizes of GADGET-3 and GADGET-
4 are already near the spatial resolution limit. Because
the gravitational force is progressively suppressed below
esp and hence the gravity that drives dissipative con-
traction is artificially weak, it is harder for the galax-
ies to contract to smaller radii. As softening inhibits
any further compaction, the half-mass radii change very
little throughout the whole merging interaction, mea-
suring 334 pc and 133 pc at tpest/eq for GADGET-3
and GADGET-4, respectively. We also want to note
that though the two galaxies are both compact, the
GADGET-3 galaxy is slightly more extended, likely be-
cause of its delayed cooling feedback. As shown in Pa-
per IX - Part 1, delayed cooling feedback can create a
spatially broader gas distribution.

For the other seven codes, the connections between
star formation response and stellar feedback types iden-
tified in Paper IX - Part 1 manifest as three distinct

morphological changes in the radial stellar mass distri-
bution: rapid compactification, late compactification,
and expansion. Hereafter, we refer to them as Group 1,
Group 2, and Group 3, respectively.

Group 1 - Rapid compactification: Codes that
employ Kkinetic feedback produce a more compact
merger remnant (ART-I and GIZMO, denoted in blue;
GADGET-3 and GADGET-4 cannot be used to test
this behaviour due to their galaxy’s size being already
at the numerical floor, as mentioned above). The new
stars formed throughout the interaction are formed pri-
marily in the galaxy’s inner region (at radii < 1 kpc),
as seen across the blue (infall stage), yellow (first pas-
sage stage), and red (coalescence plus post-coalescence
stages) histograms in the insets in panel (b) of Fig. 2.
These three histograms also have approximately similar
shapes and are much more compact than the old stellar
population (black histograms in the insets), suggesting
that the compaction starts as soon as the end of the
infall stage for these codes. The compaction is caused
by gas losing angular momentum and falling into the
galactic centre, a process often referred to as wet com-
paction, as discussed in Paper VIII. The early, rapid
compaction is consistent with the observation that the
target merger in these codes undergoes an earlier star-
burst relative to other CosmoRun codes. Due to an early
pronounced starburst, ART-I, GADGET-3, GADGET-
4, and GIZMO also have the largest percentage of stars
formed during the first passage stage (> 20%) in the
merger remnant evaluated at ¢post=eq-

Group 2 - Late compactification: Codes with
only thermal feedback (ENZO and AREPO-T, denoted
in black with no additional annotations) also exhibit
compaction after the target merger, yet this compaction
happens mainly later in the interaction. \WWe note that,
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Figure 2. The radial mass distribution of the main galaxy across the codes before and after the target merger, shown in
panels (a) and (b), respectively. For better visualization, the y-limit is set differently between panel (a) and panel (b). In
panel (b), the total stellar distribution is decomposed into five groups: the old stars existing in the main galaxy before the
merger (old"), stars formed during the infall stage (“infall'"), the first passage stage (‘‘first passage'), the coalescence plus
post-coalescence stage (‘‘cls + post-cls™), and stars deposited from the secondary galaxy (“‘deposit™). We note that because
the y-axis is logarithmic, the segment heights are not linearly additive. The insets in the top right corner of each subplot in
panel (b) display the mass profile of each of these stellar groups. Unlike the main subplots, these insets use a linear scale and
have different ranges on their y-axes to emphasise their distribution’s shape. The fractional mass of each stellar group relative to
the galaxy’s total stellar mass is also reported in each inset. The formatting of the code names follows that of Fig. 1. Different
feedback prescriptions produce distinct morphological changes in the stellar mass profile.

because of the logarithmic scaling, the high stellar den- togram), and then becomes more compact during the
sity in the central region of ENZO appears less promi- coalescence and post-coalescence stage (red histogram).
nent. Compared to the earlier stages in the interac- In conjunction with the continuously increasing SFR
tion, the radial distribution of the stars formed dur- identified in codes that use solely thermal feedback (Pa-
ing the coalescence and post-coalescence stages is much per IX - Part 1), this finding implies that the collapse of
more concentrated in the galactic central region. Indeed, gas into a central starburst is more pronounced at a later
throughout the interaction, the distribution stays rela- merger stage. Using thermal feedback alone suppresses
tively extended and comparable between the infall stage the merger-driven inflow in the first periapsis, and gas

(blue histogram) and the first passage stage (yellow his- can only cool down and collapse towards the galactic
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centre when the second periapsis and final coalescence
happen. In other words, the compaction of ENZO and
AREPO-T occurs primarily when the two galaxies coa-
lesce, rather than in the early stages of the interaction
as in codes employing kinetic feedback in their models.
Indeed, the merger remnants of ENZO and AREPO-
T have the largest percentage of stars formed during
the coalescence and post-coalescence stages (74% and
90%), considerably larger than that value of other codes
( 50 60%). This large mass percentage is even more
notable considering that the "cls + post-cls" interval
spans only slightly more than half the interval between
tstart and tpost=eq, demonstrating the importance of the
coalescence and post-coalescence stages for star forma-
tion and compaction in these two codes.

Group 3 - Expansion: For codes that do not utilise
kinetic feedback but use the delayed cooling scheme
(RAMSES and GEAR, denoted in black with an as-
terisk sign ) or the superbubble scheme (CHANGA,
denoted in black with a dagger sign y), the merger rem-
nant becomes more extended and increases in size com-
pared to the galaxy at tpre infan. FOr RAMSES and
GEAR, the radial stellar distribution remains approxi-
mately the same for stars formed across different merger
stages and even for the older population that existed be-
fore the merger, as shown by the black, blue, yellow, and
red inset histograms in panel (b) of Fig 2. These two
codes also have the largest percentage of old stars (black
histogram) in the merger remnant at fpost=eq- AS pre-
viously explained, the delayed cooling scheme hinders
gas from dissipatively collapsing to the centre despite
the dynamical disturbance of the target merger, leading
to a broader distribution of gas (also shown in Fig. 1).
As RAMSES and GEAR only impose a density thresh-
old and not a temperature threshold for star formation,
stars can still form in warm-hot dense gas, resulting in
an extended stellar distribution. For CHANGA, its su-
perbubble feedback prescription drives strong outflows
that expel gas into the circumgalactic medium (Keller
et al. 2014, Papers VIII and IX - Part 1). This preven-
tative feedback suppresses the cooling and inflow of gas
toward the galactic centre, thereby inhibiting the dis-
sipative contraction that would otherwise drive a com-
paction event (Dekel & Burkert 2014). In CHANGA, the
stars formed during the coalescence/post-coalescence
stage (red histogram) are more broadly distributed than
the stars formed during the infall and the first passage
stages (blue and yellow histograms). In other words,
the outskirts of the merger remnant are dominated by
young stars, and this young population makes the galaxy
grow in size. This size growth results from CHANGA'’s
strong feedback, which pressurizes and ejects gas from

the galaxy to the circumgalactic medium (CGM) to yield
a more extended gas distribution. The recycled gas re-
turning from the CGM can also fuel star formation at
larger radii (see fig. 6 and Appendix C of Paper IX

Part 1). It is important to note that, as indicated
in Paper IX - Part 1, CHANGA experiences a delayed
starburst around 500 Myr after coalescence when gas
re-accretes back onto the main galaxy. After that de-
layed starburst, the main galaxy eventually undergoes
compaction.

3.2. Relationship between merger-driven burst
fractions and galaxy compaction

172, post/eq/R1/2, pre-infall
=
o
S

o« 0.50{ W ARTI * GEAR [ |
ENZO » AREPO-T
0.251 @ RAMSES ® GizmO >
CHANGA
0.001 : i . !
0.2 0.4 0.6 0.8 1.0
fsb

Figure 3. The ratio between the post-merger and pre-
merger half-mass radius as a function of the burst fraction of
the target merger (fsb). For codes without delayed cooling
feedback, a stronger merger-driven starburst corresponds to
a more compact galaxy after the merger. GADGET-3 and
GADGET-4 are omitted from the plot because their burst
fraction cannot be reliably computed.

We proceed to explore how the changes in the galaxy’s
size correspond to the merger-driven star formation en-
hancement. To quantify this enhancement, we adopted
a new method that does not rely on a control, isolated
galaxy sample. This approach is particularly advanta-
geous for cosmological zoom-in simulations, where it is
not easy to re-simulate the galaxy without a specific
merger or assemble a large sample of isolated, similar-
mass galaxies within the same simulation box. We
present the method in full in Paper IX - Part 1 and
provide a brief summary as follows. We assume that
the sSFR of a galaxy remains constant when the galaxy
experiences only smooth accretion and no mergers. Be-
cause there are no significant merger events occurring



within 100 Myr before the target merger *, we chose the
lowest sSFR within this period as the baseline sSFR.
Then, we calculated the baseline stellar mass of the main
galaxy if the target merger did not happen. With the
baseline and the actual stellar masses from the simula-
tions, we define the burst fraction as the excess of the
actual stellar mass over the baseline, normalised by the
actual mass, fsb = (Mactuat  Mbaseline)/Mactual- Fig. 3
shows the fractional change of the main galaxy’s stel-
lar half-mass radius before and after the merger as a
function of the burst fraction.

With the exception of RAMSES and GEAR, the two
codes implemented with delayed cooling feedback, we
find a negative correlation between Ri-5.post/eq/ R1=2:init
and fsp. The galaxies that experience a decrease in
size have a burst fraction larger than 0.6, whereas the
galaxies that increase in size have a smaller burst frac-
tion. Codes with strong preventative feedback, such as
CHANGA, suppress the collapse of gas to the galac-
tic center, resulting in a more extended distribution
of gas and stars. This suppression also causes the
burst fraction to be small because gas cannot cool down
easily. On the other hand, for codes with more effi-
cient dissipative gas collapse (ART-I, ENZO, AREPO-
T, and GIZMO), gas can reach a higher central den-
sity, leading to a more intense starburst and a more
pronounced compaction. In summary, mergers with
higher burst fractions are associated with more compact
remnants, whereas lower burst fractions are associated
with more extended remnants. This relationship is also
hinted at by the semi-analytic model of Covington et al.
(2008). In their model, a larger dissipative strength of
a merger (fx) corresponds to a higher fraction of new
stars (fnew) and a smaller stellar-half-mass radius of a
remnant, though their relationship is not necessarily lin-
ear. It is important to note that the relation between
Ri=3:post=eq/ R1=2:init and fsp is correlative, not causal.

For RAMSES and GEAR, the two outliers to the cor-
relation (especially RAMSES), we attribute these excep-
tions to the codes’ delayed-cooling schemes, which sup-
press radiative losses for an extended period (10 Myr
in RAMSES and 5 Myr in GEAR). Furthermore, be-
cause we decided not to impose any temperature thresh-
old for star formation in CosmoRun, stars can still form
in warm hot dense gas. The delayed cooling scheme
prevents dissipation of thermal energy through numeri-

1 GADGET-3 and GADGET-4 are excluded from the burst frac-
tion calculation because they experience a strong starburst
shortly before the target merger. This strong starburst makes
the determination of the baseline sSSFR unrepresentative of the
main galaxy in isolation.
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cally turning off gas cooling, yet the absence of the tem-
perature criterion still permits the burst to proceed in
the undissipated gas. Indeed, Paper VIII showed that
the main galaxy in RAMSES and GEAR does not un-
dergo a compaction event even at z = 2, when the
galaxies in most codes become compact. In short, we
hypothesise that RAMSES and GEAR do not strictly
follow the correlation because stars can still form in
highly undissipated hot gas, which leads to a broader
stellar distribution. Therefore, the correlation between
R1/2 postreq/ R1/2,pre-infan @nd fsp holds across codes, but
only under specific numerical implementations.

Even without the two outlier cases, we caution that
this relationship still has some caveats to be fully es-
tablished. The reason is that CosmoRun is constructed
for comparison of the same merger between different
codes, rather than comparison of different mergers in
a single code. The codes’ distinct feedback schemes and
numerical architectures may impose a systematic off-
set in the merger remnant’s compactness that is un-
related to the burst fraction. Moreover, the correla-
tion is defined by a small number of points (five) in
Fig. 3. Hence, confirming a genuine relation between
Rl/2,post/eq/Rl/Z,pre—infaII and fsb would reqUire a Iarge
suite of mergers with varying star formation enhance-
ment evolved within each code individually, which is
beyond the scope of CosmoRun.

3.3. Disc formation after the merger

As discussed in Paper VIII, in many of the codes, the
target merger induces the main galaxy to form a stellar
disc. Here, we dive deeper into the investigation by dis-
secting the disc structure into components that formed
during different merger stages. To characterise the disc
formation, we use the stellar kinematic properties and
define the orbital circularity € = j, /jcirc(F) parameter,
where j; is the z-component specific angular momentum
of a star particle around the galactic center and jgirc(F)
is the maximum angular momentum at a given orbital
energy (Abadi et al. 2003). For a dispersion-dominated
galaxy, the distribution of ¢ peaks around zero. For a
rotation-dominated galaxy, the e distribution peaks near
one. Thus, a disc galaxy with a bulge typically exhibits
a bimodal e distribution, with one peak near ¢ 0 and
the other near ¢ 1. A star has e < 0 if it orbits in
a counter-direction with the galaxy’s total angular mo-
mentum. As we calculated the j.ic(£) profile using the
four-point azimuthal average on the disc plane for var-
ious radii and interpolated between them (Liang et al.
2025), € can also be slightly larger than 1 or smaller
than 1 if a star’s 3D potential mismatches with the
interpolated midplane jgirc(F). Thus, we placed a limit
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