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ABSTRACT

Star formation (SF) is central to galaxy evolution, yet its spatial distribution remains an open question.
Using spatially resolved spectroscopy from the SAMI Galaxy Survey, combined with GAMA-derived
morphology, environment, and merger classifications, I investigate how mergers and structural fea-
tures regulate both the location and efficiency of SF.

Merging systems consistently exhibit both enhanced star formation rate (SFR) and specific SFR
(sSFR) relative to isolated galaxies, producing broader distributions with extended high activity tails.
Radial profiles show that SF is centrally concentrated across all systems, but mergers induce significant
enhancements in outer regions, albeit in lower density. Pair separation further modulates activity: the
closest pairs display the strongest boosts in SF activity, while widely separated systems exhibit dimin-
ished efficiency.

Merger ratio and morphology introduce further complexity. Minor mergers produce the high-
est median SFR and sSFR, whereas major mergers display the widest spread in SF activity. Bulge-
dominated galaxies respond most strongly to interactions, displaying pronounced merger-driven star-
bursts across the nucleus and intermediate radii. In contrast, late-type systems exhibit moderate en-
hancements, and early-type galaxies remain largely quiescent. Bars elevate global SF in merging galax-
ies, but exert little radial influence during mergers compared with isolated systems.

This work demonstrates that mergers enhance star formation across all galactic regions, with the
most substantial effects concentrated in nuclear cores and shaped by merger ratio, morphology, and
pair separation. These results underscore the importance of spatially resolved analyses in disentangling
the diverse pathways through which galaxies grow and transform.
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CHAPTER 1: INTRODUCTION

There was so much I didn’t know. So much I wanted to know. I didn’t

even know what I wanted to know.

All Systems Red - The Murderbot Diaries, Martha Wells

1.1  Star Formation in the Context of Galaxy Evolution

Star Formation (SF) is a central process in galaxy evolution, governing the growth of stellar mass,
fuelling chemical enrichment, and influencing the structural evolution of galaxies over cosmic time
(Toomre and Toomre 1972; White 1978; Kennicutt and Evans 2012). Although the fundamental
mechanisms of SF are broadly understood, questions remain regarding the spatial and temporal con-
ditions under which SF is triggered, particularly in the context of galaxy mergers.

Galaxies are not isolated systems; they are dynamic, evolving through a complex range of internal
and external processes. Internally, SF is regulated by mechanisms such as gas heating and cooling,
supernovae and Active Galactic Nuclei (AGN), and secular evolution (Bournaud 2011; Chien 2010;
Ellison et al. 2013; Das et al. 2023). However, external mechanisms can dramatically influence these
internal balances. Among the most transformative of these mechanisms are interactions and mergers,
events in which galaxies gravitationally influence or collide with one another, which can dramatically
alter morphology, redistribute gas, and ignite intense episodes of SF (Thorp et al. 2019; McElroy et al.
2022; Robin et al. 2024).

Galaxy mergers are a cornerstone of hierarchical evolution, in which smaller structures combine
to create larger, more complex structures over time (Figure 1.1; Tinsley and Larson 1979; White and
Rees 1978). These events not only reshape galaxies and their dynamics, but also play a critical role in
regulating SF. Understanding how mergers modulate SF is essential to construct a coherent picture of
galaxy evolution. This enhanced perspective enables astronomers to trace how galaxies assemble mass,
undergo structural transformation, and eventually quench their star-forming activity (Moreno et al.
2015; Ellison et al. 2022). In this context, the spatial and temporal distribution of SF serves not as a
peripheral detail, but as a diagnostic tool for probing the underlying physical processes that govern

galaxy growth and transformation.



Figure 1.1: Conceptual diagram illustrating hierarchical structure formation, in which galaxies at redshiftz = 0

are assembled through successive mergers over cosmic time. Each branch represents a progenitor system con-
tributing to the final galaxy, highlighting the cumulative nature of mass assembly and morphological transfor-
mation. This framework underpins the role of mergers in shaping galaxy evolution, from early irregulars to
mature ellipticals. Image: ESA/Hubble and NASA (2018).



1.2 Mergers as Catalysts for Transformation

Galaxy mergers are widely recognised as powerful drivers of galactic transformation, particularly in
their ability to trigger SF (Villumsen 1982; Dargetal. 2010b; Oh etal. 2019; Mesa etal. 2021; Das et al.
2023). Decades of observational (Larson and Tinsley 1978; Kennicutt et al. 1987b; Ellison et al. 2013)
and simulated (Toomre and Toomre 1972; Mihos and Hernquist 1996; Teyssier et al. 2010) studies
have demonstrated that mergers can induce both central starbursts and extended star-forming regions
(Mihos and Hernquist 1996; Ellison et al. 2008). However, understanding of the spatial distribution
of this activity is incomplete. A key question persists: do mergers primarily concentrate SF in central
galactic nuclei (Mihos and Hernquist 1996; Ellison et al. 2013), or do they induce more widespread
SF across the disc and in tidal features (Toomre and Toomre 1972; Robin et al. 2024)? This question,
followed up in more detail in Chapter 2, is central to understanding how mergers reshape galaxies and

influence their evolutionary trajectories.

Figure 1.2: An example of a merging galaxy pair from the SAMI survey: merging galaxies 618993 (left) and
618992 (right). This system exhibits clear signs of interaction, including a tidal bridge linking the pair, bulge
growth, and faint shell structures in the primary galaxy. Image: Nicole Jenkins, Hyper-Suprime Cam (HSC)
Subaru Telescope.

Mergers profoundly affect galaxy morphology (Thorp et al. 2019), altering dynamics and produc-
ing features such as bulge growth, or tidal tails and shells, as illustrated in Figure 1.2. These structures
are not only aesthetic; they trace the redistribution of angular momentum and gas, which can funnel
material into central regions and ignite intense starbursts (Toomre and Toomre 1972; Saintonge et al.

2012; Thorp et al. 2019; Li et al. 2021). Such inflows are often accompanied by shocks, compression,



and turbulence, further amplifying SF in localised regions.

However, global Star Formation Rates (SFRs) can only offer a coarse measure of this activity. In-
tegrated measures of SFR obscure the underlying spatial complexity, masking whether SF is centrally
concentrated, clumpy, or extended across the galactic disc. Spatially resolved analysis, enabled by In-
tegral Field Spectroscopy (IFS), is essential to disentangle the physical mechanisms at play. These in-
clude gravitational torques that drive nuclear inflows and lead to central starbursts (Ellison et al. 2013;
Medling et al. 2018), feedback from AGN that may suppress or quench SF (Lambeas et al. 2012; Elli-
son et al. 2022; McElroy et al. 2022), and tidal forces that can induce SF in outer regions, including in
tidal tails and bridges (Bournaud 2011; Schmidt et al. 2013).

Pinpointing the spatial distribution of SF during mergers is not just a technical exercise. It provides
insight into the long-term evolution of galaxies, their chemical enrichment histories, and the mecha-
nisms that govern quenching or rejuvenation. Analyses of past merger events can ofter a window into

how galaxies like the Milky Way may have evolved through similar interactions.

1.3 Spectroscopy of galaxies

Spectroscopy is one of the most powerful tools in extragalactic astronomy, enabling detailed analysis
of galaxy properties such as stellar populations, gas content, kinematics, and SFRs. Large-scale spec-
troscopic surveys have transformed our understanding of galaxy evolution by providing robust sam-
ples across cosmic time. Pioneering efforts such as the Six-Degree Field (6df) Galaxy Survey (Jones
et al. 2009) and the Sloan Digital Sky Survey (SDSS, York et al. 2000) collected spectra for hundreds
of thousands of galaxies using single-fibre spectroscopy, establishing the foundation for modern ex-
tragalactic studies. Their legacy continues through successive generations (e.g. SDSS DR19 (SDSS
Collaboration et al. 2025), yet their reliance on single-aperture observations, typically centred on the
galactic nucleus, meant that spatial variations within galaxies were averaged out, obscuring internal
structure.

Thelimitations of single-fibre spectroscopy prompted the development of IFS, which revolutionised
the field by enabling spatially resolved measurements across multiple regions of a galaxy (Hopkins
etal. 2013a). Instead of collapsing spectra into global averages, IFS allows astronomers to take spectra
across the face of galaxies, revealing internal dynamics, ionisation structure, and spatially resolved SF
(Bryantetal. 2012; Croom etal. 2012). Figure 1.3 illustrates the difference between traditional single-
fibre spectroscopy, a single spectrum centred on the galaxy nucleus, and modern hexabundle-based
IFS, many spectra taken from across the galaxy. This shift from integrated to resolved measurements
has opened new avenues for understanding how galaxies grow, interact, and evolve (Bland-Hawthorn
2016).

The range of IFS instruments have since expanded the scope of resolved galaxy studies. Early systems
such as the Fibre Large Array Multi Element Spectrograph (FLAMES) on the Very Large Telescope
(VLT) provided versatile multi-object capabilities able to feed up to 132 deployable fibres to individual
targets (Pasquini etal. 2002). Modern systems, such as MUSE, which samples continuous fields at fine
spatial scales of 0.2” across a1’ x 1’ field of view, now yield approximately 90,000 spectra per exposure,

enabling deep, contiguous 3D spectroscopy of complex fields (Bacon et al. 2010). An example of the



Figure 1.3: Left: depiction of SDSS I single-fibre spectroscopy view. Right: depiction of SAMI 61-hexabundle
view. Images: Professor Joss Bland-Hawthorn, Sydney University (Bland-Hawthorn 2016)

high-resolution 3D datacubes produced by MUSE can be seen in Figure 1.4.

The Sydney-AAO Multi-object Integral field spectrograph (SAMI) Galaxy Survey, central to this
thesis and outlined in further detail in Chapter 3, represents a pivotal advance in multiplexed IFS.
Unlike single-object systems, SAMI uses 13 hexabundles, each composed of 61 tightly-packed fused
fibres, to enable simultaneous spatially resolved spectroscopy of 12 galaxies per pointing (Bryant et al.
2012; Croom et al. 2012), increasing survey efficiency. By combining wide-field multiplexing with
spatial resolution, SAMI enables statistical studies of thousands of galaxies across diverse environ-
ments, bridging the gap between large-scale surveys and detailed internal structure.

Mounted on the 3.9-metre Anglo-Australian Telescope (AAT), each SAMI hexabundle samples
a 15 arcsecond diameter field, corresponding to physical scales of ~1 kiloparsec (kpc) at the survey’s
typical redshifts (z < 0.095 for primary targets, z < 0.115 for secondary (Croom et al. 2021)). This
coverage spans an effective radius (R,) of approximately 1- 2 R, for most galaxies, where R, is defined
as the radius enclosing half the galaxy’s total light. This coverage enables the detection of both nu-
clear and extended star-forming regions. The resulting spectra are processed through the SAMI data
reduction pipeline and reformatted into calibrated datacubes, as illustrated in Figure 1.4.

Spatially resolved spectroscopy enables the detailed internal mapping of galaxy properties by cap-
turing emission lines from ionised gas in star forming regions (Sdnchez et al. 2012; Zhou et al. 2017),
and absorption lines from stellar atmospheres and interstellar material (Scott et al. 2018), allowing
insights into stellar populations and intervening gas. These spectral features provide measurements
of flux, velocity, and dispersion, enabling analysis of both stellar and gas kinematics, and ionisation

conditions in different areas of galaxies.



H-alpha (6563 A)

y-axis

Figure 1.4: Schematic of an IFS datacube using Multi-Unit Spectroscopic Explorer (MUSE) data. We can
describe this in two ways. Every pixel on the image shown at the front of the data cube contains a spectrum, or
the cube contains images at every wavelength slice. The Ha slice of the datacube shows the detail IFS telescopes

such as MUSE are able to achieve per wavelength step when compared to the image on the front of the datacube,
at wavelength ~4800 A. Image: Nicole Jenkins.



Standard value-added products include:

* Velocity dispersion maps, which trace the spread in stellar or gas velocities and reveal dynamic

structure;

* Extinction maps, typically calculated from Balmer decrements (e.g. Ha/H), which quantify

dust attenuation;

* Emission-line diagnostic maps, used to classify ionisation sources such as SF or AGN via line

ratios;
* SFR maps, often based on dust-corrected Hz flux and equivalent width measurements.

These products are available across multiple SAMI data releases (Green et al. 2018; Medling et al.
2018; Croom et al. 2021), and can be used in conjunction with environmental metrics such as fifth-
nearest-neighbour surface density and cluster-specific indicators from the Galaxy And Mass Assembly
(GAMA) catalogue (Driver etal. 2011; Robotham et al. 2011, 2014), allowing studies of how internal
galaxy properties vary with environment.

Emission line diagnostics, particularly Hz flux and equivalent width, are used to trace recent SF.
These measurements are corrected for dust attenuation using Balmer decrement ratios, and stellar
continuum subtraction is performed to isolate nebular emission (Medling et al. 2018; Croom et al.
2021).

The SAMI Galaxy Survey provides a rich dataset for spatially resolved studies of galaxy evolution.
Its combination of a sample size of over 3000 galaxies, fine spatial resolution enabled by hexabundle
Integral Field Units (IFUs), and broad environmental diversity ranging from isolated field galaxies to
dense cluster cores (Croom et al. 2021), makes it uniquely suited to investigating how mergers and

interactions influence SF.

1.4 Thesis Scope

This thesis investigates how SF is spatially distributed and environmentally regulated in galaxies un-
dergoing mergers and interactions. Using data from the SAMI Galaxy Survey, I construct a sample of
galaxies spanning a range of environments to explore how interactions and local density influence SF
patterns. The SAMI dataset, with its spatially resolved spectroscopy and broad environmental cover-
age, provides an ideal foundation for this analysis.

To contextualise this investigation, Chapter 2 presents a review of the current literature on SF,
galaxy interactions, and the role of environment in galaxy evolution. Chapter 3 introduces the SAMI
Galaxy Survey and its instrumentation, outlining the data products and catalogues that underpin this
study.

This sample used in this thesis is defined through cross-matching SAMI targets with the GAMA
survey, which provides robust photometric redshifts, stellar masses, and environmental classifications
(Driver et al. 2011; Robotham et al. 2011, 2014). Galaxies are grouped into three categories based
on projected separation within 100 kpc, as outlined in Chapter 4. These categories include close pairs

and mergers (systems with exactly two members), groups (systems with more than two members), and



isolated galaxies (one member with no companions within 100 kpc). The isolated systems serve as a
control sample, providing a baseline against which the effects of interactions and dense environments
can be assessed.

This multi-environment framework enables a comparative analysis of SF across different interac-
tion regimes. By examining spatially resolved SFRs within and across these categories, this thesis aims
to disentangle the physical processes that trigger, suppress, or redistribute SF during galaxy mergers.
The results of this analysis are presented in Chapter 5, which explores how SF varies with environ-
ment, merger stage, mass ratio, and morphological features such as bars and tidal structures. Finally,
Chapter 6 synthesises these findings in the broader context of galaxy evolution, discussing their im-

plications for models of SF regulation and outlining directions for future research.



CHAPTER 2: LITERATURE REVIEW

Understanding how SF is spatially distributed in merging galaxies requires both observational (Larson
and Tinsley 1978; Kennicutt et al. 1987b; Ellison et al. 2013) and theoretical (Toomre and Toomre
1972; Mihos and Hernquist 1996; Teyssier et al. 2010) perspectives. Over the past five decades, ad-
vances in instrumentation, survey design, and simulation techniques have transformed our ability
to probe the internal structure of galaxies and the physical mechanisms that regulate their evolution
(Toomre and Toomre 1972; Bacon et al. 2001; Croom et al. 2012; Ellison et al. 2013; Bundy et al.
2015; Scott et al. 2018; Robin et al. 2024). This chapter reviews key developments in the study of
galaxy interactions and SF, with a focus on how spatially resolved spectroscopy and simulations have

shaped our current understanding.

2.1  Single-Fibre Surveys and Early Observations

Early observational work, most notably the Arp Atlas of Peculiar Galaxies (Figure 2.1, Arp 1966), pro-
vided a photographic catalogue of galaxies with disturbed morphologies and tidal structures. These
peculiar systems, with their long tidal tails and bridges, offered some of the first evidence that galaxy in-
teractions could dramatically reshape galaxy structure. Building on this, Toomre and Toomre (1972)
used restricted three-body simulations to demonstrate that such tidal features could arise purely from
gravitational interactions, suggesting that these structures could host young stellar populations.

Subsequent studies strengthened the picture of mergers as triggers of enhanced SF. Larson and
Tinsley (1978) showed that interacting and merging systems exhibit anomalously blue colours, in-
terpreting these as signatures of enhanced or recent SF, while N-body models were further expanded
by White (1978), who simulated complete galaxy mergers down to the level of their stellar compo-
nents and explored the internal structure evolution that follows. Complementary observational work,
including the detailed optical and spectroscopic studies of interacting systems by Schweizer (1987),
provided independent evidence for widespread SF in tidally disturbed galaxies. In the same year, Ken-
nicutt et al. (1987b) statistically linked tidal encounters to elevated SF in galaxy pairs. These early
simulation and observational studies established the foundational framework for understanding how
galaxy interactions trigger star formation and morphological transformation.

While the observational and theoretical basis for merger-induced starbursts was established in the
1970s and 80s, it wasn’t until the advent of space-based infrared astronomy that these predictions
were directly confirmed. The launch of the Infrared Astronomical Satellite (IRAS) in 1983 marked
a turning point in research, enabling the detection of dust-obscuring starbursts and dramatically ex-
panding the observational dataset (Soifer et al. 1984; Sanders et al. 1986). However, IRAS lacked the



Arp 274
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Figure 2.1: Photographic plates from the Arp Atlas of Peculiar Galaxies (Arp 1966), showcasing galaxies with
disturbed morphologies and tidal structures. Arp 273 (larger: UGC 1810, smaller: UGC 1813) features long
tidal tails stretching between the two galaxies and twisted spiral arms in the larger galaxy. Arp 274 (NGC 5679
Group) shows three closely spaced galaxies which exhibit irregular and clumpy star-forming regions. Arp 275
(NGC 2881) exhibits a distorted spiral galaxy with a visibly warped disk and lopsided spiral arms. Arp 276
(larger: NGC 935, smaller: IC 1801) shows a clean spiral structure in the larger galaxy, with minimal visible
distortion and well-defined arms, but a clear smaller companion galaxy. Image credits: (Arp 1966)



spatial resolution to pinpoint where within galaxies this SF was occurring, providing only integrated
measurements of global activity (Neugebauer et al. 1984; Soifer et al. 1987).

Large-scale spectroscopic surveys such as the 6df Galaxy Survey (Jones et al. 2009) and SDSS (York
et al. 2000) expanded the statistical reach of galaxy studies. These surveys relied on single-fibre spec-
troscopy, typically sampling only the central regions of galaxies. As a result, they provided robust
global diagnostics, but potentially missed SF in outer discs, tidal structures, and merging edges (Kew-
ley et al. 2005; Iglesias-Pdramo et al. 2013). Despite this limitation, SDSS has remained a cornerstone
of extragalactic astronomy, with successive data releases such as the most recent DR19 (SDSS Collab-
oration et al. 2025), continuing to refine our understanding of galaxy interactions and SF across vast

samples.

2.2 The Rise of Integral Field Spectroscopy

The limitations of single-fibre surveys led to the development of IFS, which enables spatially resolved
measurements across the face of galaxies. Traditional single-aperture spectroscopy samples only a nar-
row central region, while long-slit observations capture one spatial dimension per exposure. Recon-
structing full two-dimensional structures requires multiple pointings, often demanding substantial
integration time, an approach that is both time-consuming and impractical for large samples. By con-
trast, IFS produces three-dimensional datacubes containing a full spectrum at every spatial pixel, or
spaxel, allowing detailed mapping of physical properties like SF, gas kinematics, and ionisation struc-
ture across galaxies in unprecedented detail (Sinchez et al. 2012; Fogarty et al. 2014; Drory etal. 2015).

Early generations of IFS instruments, such as the Traitement Intégral des Galaxies par ’Etude de
leurs Rayonnements (TIGER, Bacon et al. 1995), and the Spectroscopic Areal Unit for Research on
Optical Nebulae (SAURON, Bacon et al. 2001; Bureau et al. 2002) demonstrated the transformative
potential of spatially resolved spectroscopy for galaxy studies. These instruments revealed complex
internal structures such as kinematic misalignments and spatially varying SF histories that could not
be inferred from one-dimensional or centrally-weighted spectra. The advent of wide-field monolithic
IFUs, most notably the Calar Alto Legacy Integral Field Area Survey (CALIFA, Sinchez et al. 2012),
provided high-quality datacubes for hundreds of galaxies, further showcasing the value of spatially
resolved diagnostics. However, these pioneering surveys were limited by their relatively modest sample
sizes, restricting their ability to draw statistically robust conclusions about galaxy populations (Allen
etal. 2015; Bundy et al. 2015).

A major technological breakthrough came with the development of hexabundles, tightly fused fi-
bre bundles with high fill factors designed specifically for low-light astronomical applications (Bland-
Hawthorn et al. 2011). By reducing fibre cladding thickness and optimising the packing geometry,
hexabundles provide efficient spatial sampling while maintaining low cross-talk and high throughput.
This innovation enabled multiplexed IFS on survey-scales for the first time, allowing multiple galaxies
to be observed simultaneously and directly paving the way for instruments such as SAMI (Bland-
Hawthorn et al. 2011; Croom et al. 2012; Bryant et al. 2015), discussed in more detail in Chapter 3.

The advent of large IFS surveys such as SAMI (Croom et al. 2012; Bryant et al. 2015) and Mapping
Nearby Galaxies at Apache Point Observatory (MaNGA, Bundy et al. 2015), and the further devel-
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opment of wide-field instruments like MUSE (Bacon et al. 2010) has since revolutionised the field.
Combining large sample sizes with high spatial resolution, these surveys enable systematic studies of
galaxy evolution across diverse environments, providing new insights into the spatial distribution of
SF, the role of environment in shaping galaxy properties, and the interplay between stellar populations
and gas dynamics (Medling et al. 2018; Erroz-Ferrer et al. 2019; Croom et al. 2021; Fraser-McKelvie
etal. 2021; Li et al. 2021).

2.3 Star Formation in Mergers: Observational Trends

2.3.1 Nuclear Star Formation

Observational and simulated work over several decades have consistently shown that galaxy interac-
tions can drive strong enhancements in nuclear SF, primarily through gas inflows and gravitational
torques (Mihos and Hernquist 1996; Springel et al. 2005; Hopkins et al. 2013b; Barrows et al. 2017).
Early simulations showed that tidal interactions destabilise gas in the discs of both galaxies, funnelling
itinto the central kpcs and potentially igniting nuclear starbursts (Hernquist 1989; Barnes and Hern-
quist 1991). Foundational models like these established the physical picture of gas losing angular
momentum during interactions, resulting in rapid central concentration of cold gas.

Later generations of high-resolution hydrodynamic simulations incorporating stellar and AGN
feedback confirmed and expanded this picture, showing that merger-driven inflows produce intense,
short-lived bursts of SF predominantly in the central regions (Mihos and Hernquist 1996; Springel
et al. 2005; Hopkins et al. 2013b). Work by Hopkins et al. (2013b) and Moreno et al. (2015) demon-
strated that the majority of new stars form 7z situ within the nuclear region rather than migrating in-
ward from the disc. Additional simulation studies also revealed that the efficiency of nuclear starbursts
depends on orbital geometry, gas fraction, disc structure, and spin alignment between the merging
galaxies (Moreno et al. 2015)

Observationally, a wealth of evidence supports enhanced nuclear star forming activity in close galaxy
pairs and interacting systems. Spectroscopic surveys have shown elevated central SFRs at projected
separations of less than 30 kpc (Ellison et al. 2008, 2013), often accompanied by increased central
metallicities indicative of gas inflows and mixing (Kewley et al. 2006; Scudder et al. 2012). Spatially
resolved IFS surveys such as CALIFA, MaNGA and SAMI have provided direct maps of centrally con-
centrated SF in interacting galaxies (Barrera-Ballesteros et al. 2015; Schaefer et al. 2017; Thorp et al.
2019; Petersson et al. 2023). Despite strong convictions of centrally-peaked starbursts in merging sys-
tems, both Thorp et al. (2019) and Petersson et al. (2023) also noted variations in the outer regions,
suggesting a complex and non-uniform spatial response.

Subsequent research has reinforced the expectation that mergers can induce intense SF, primar-
ily through gas inflows and the associated turbulence and compression (Mihos and Hernquist 1996;
Bournaud 2011; Ellison et al. 2013; Gordon et al. 2025). However, starbursts are frequently accom-
panied by elevated AGN activity (Di Matteo et al. 2005; Ellison et al. 2013; Barrows et al. 2017; Baron
et al. 2024), with evidence for a temporal offset between the peak of SF and the onset of AGN en-
hancement. Delays ranging from ~0.16 Gyr to nearly 1 Gyr have been reported (Di Matteo et al. 2005;

Barrows etal. 2017), suggesting an evolutionary sequence in which gas inflows first trigger central star-
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Figure 2.2: Simulated model of Arp 295 shown from various observational angles, 4, with 7 = 15° and w = 45°,
and a mass ratio of 1:4. This simulation shows the enhanced galactic activity postulated by Toomre and Toomre
(1972) to be SF in the tidally-connected tails of each galaxy. Image: (Toomre and Toomre 1972)

bursts, followed by black hole growth once sufficient gas reaches the nucleus. Feedback processes may
then suppress rather than enhance SF in some systems (Medling et al. 2018; Ellison et al. 2022). These
findings highlight the importance of considering both temporal and spatial separation in interpreting
SF trends.

2.3.2  Peripheral Star Formation in Tidal Features

While nuclear starbursts are well documented, a growing body of evidence points to SF in the outer
regions of merging galaxies. Toomre and Toomre (1972) first proposed that “oddly placed absorbing
material and/or emitting regions” in tidal tails and bridges of Arp galaxies (Arp 1966) could indicate
peripheral SF, as shown in the simulation example in Figure 2.2. This has since been supported by
observations of blue tidal features and disc-wide SF in spiral mergers (Kennicuttetal. 1987a; Dargetal.
2010a). Darg et al. (2010a) also suggested that spiral morphologies are more conducive to extended
SF than ellipticals.

Shock-induced SF in tidal features has been observed in young stellar clusters with ages and metal-
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Figure 2.3: Left: X ¢z spatial distribution plot shown in the merging galaxy pair NGC 2207 and IC 2163.
This system showcases the high SFR in yellow compared to the large mass ratio difference between the two
galaxies. Right: The column density contour plot of H; overplotted on the FUV image of the merging galaxy
pair. Images: (Robin et al. 2024)

licities consistent with in-situ formation triggered by tidal compression (Chien 2010). UV imaging
from the UltraViolet Imaging Telescope (UVIT) has confirmed widespread star-forming regions in
tidal arms and bridges (Robin et al. 2024). Statistical analysis of tidal features in galaxies have further
demonstrated that morphological disturbances correlate strongly with starburst activity. In a recent
study, Gordon et al. (2025) found that faint tidal features are ten times more likely to be in a star-
burst phase than mass-matched controls, with arm-like bridging features particularly associated with
elevated SF. These findings underscore the importance of tidal morphology in the spatial distribution

of merger-induced SF.

2.3.3  Distributed and System-Wide Star Formation

Beyond the nuclear-peripheral dichotomy, several studies suggest that SF in mergers can be widespread
and system-dependent (Moreno et al. 2015; Schaefer et al. 2017; Thorp et al. 2019; Moreno et al.
2021; Petersson et al. 2023). Bournaud (2011) proposed two mechanisms: radial gas inflow to fuel
nuclear starbursts, and turbulence-driven fragmentation to trigger extended SF. Observations show
that global SF peaks near the first pericentric passage, declines during separation, and rises again during
final coalescence (Ellison et al. 2013; Barrows et al. 2017; Thorp et al. 2019; Petersson et al. 2023;
Gordon et al. 2025).

Morphology and mass ratio also play key roles. Gas-rich spiral-spiral mergers exhibit stronger star-
bursts than gas-poor early-type systems (Ellison et al. 2008; Petersson et al. 2023), and the presence of
bars or bulges can modulate gas transport efficiency (Mihos and Hernquist 1996; Moreno et al. 2015).
Robin et al. (2024) found that higher mass ratios correlate with lower SF enhancement, whereas Lam-
bas et al. (2012) reported that major mergers are roughly twice as efficient at boosting SF as minor
mergers. These apparently contrasting results likely reflect differences in sample selection and the def-
inition of mass ratio. While Lambas et al. (2012) emphasised the classic major/minor split, Robin etal.
(2024)’s analysis suggests that equal-mass encounters may not always yield the strongest enhancement,

depending on gas content and structural properties.
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Beyond these trends, merger type itself exerts a strong influence. Major mergers (mass ratios of 1:1
to 1:4), minor mergers (1:4 - 1:10), dwarf mergers (1:10 - 1:100), and satellite accretion (mass ratios
> 1:100) each exhibit distinct patterns in SFR, spatial distribution, and the likelihood of quenching
(Woods and Geller 2007; Darg et al. 2010a; Lambas et al. 2012; Das et al. 2023; Bottrell et al. 2024).
Moreno et al. (2021) further demonstrated that SF enhancement is not uniform across merging sys-
tems, with secondary galaxies showing more nuclear concentration and primaries exhibiting broader
radial distribution. Importantly, Pearson et al. (2019) found that mergers do not universally enhance

SF relative to isolated galaxies, except in systems already above the star-forming main sequence.

2.4 Simulations and Theoretical Models

Theoretical work has been essential in interpreting observational evidence of merger-driven SE. By
compressing billion-year evolutionary processes into manageable timescales, simulations offer a dy-
namic lens through which to study gas inflows, starburst triggering, and feedback regulation during
galaxy interactions (McElroy et al. 2022; Bottrell et al. 2024).

Early N-body models showed that gravitational torques during interactions drive gas inflows and
central starbursts (Toomre and Toomre 1972; Villumsen 1982; Barnes and Hernquist 1991). These
foundational models established the physical picture of angular momentum loss and central gas con-
centration. Modern hydrodynamical simulations incorporate feedback, AGN physics, and detailed
thermodynamics, enabling more realistic predictions of SF patterns (Hopkins et al. 2013b; Moreno
etal. 2021; Feldmann et al. 2023; Bottrell et al. 2024).

Recent cosmological simulation suites such as Feedback in Realistic Environments (FIRE), Evolu-
tion and Assembly of GaLaxies and their Environments (EAGLE), and IllustrisTNG have extended
these models to statistically robust samples across a range of environments and redshifts (Moreno etal.
2021; McElroy et al. 2022; Feldmann et al. 2023; Bottrell et al. 2024). Forward-modelling techniques,
such as those used in TNG50 (Nelson et al. 2019), allow for the creation of synthetic observations
that can be directly compared with survey data. A sample of this simulated data is presented in Fig-
ure 2.4, depicting a subset of galaxies from TNGS5O0 selected for forward modelling. Each galaxy in
the sample contains at least 10# stellar particles, enabling detailed analysis of merger histories and SF
forecasts over compressed timescales (Bottrell et al. 2024).

These simulations help explain the diversity of observed outcomes in merging systems showing
how orbital geometry, gas fraction, and feedback processes shape whether SF is concentrated in the
nucleus or distributed across tidal features. They provide detailed temporal predictions of starbursts
peaks and AGN delays offering a theoretical framework for interpreting survey data from instruments
like SAMI (Moreno et al. 2021; Feldmann et al. 2023).

2.5 Open Questions

The spatial distribution of SF in merging galaxies remains an open and evolving question. While some
systems exhibit intense nuclear starbursts, others show widespread or peripheral enhancement, and
many display a combination of both. These outcomes appear to depend on a complex interplay of

factors, including mass ratio, gas content, merger stage, and internal morphology.
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Figure 2.4: A sample of synthetic near-UV/optical/near-IR images created using dust radiative transfer post-
processing with SKIRT as part of TNGS0 forward modelling. These simulations investigate the link between
SFR and galaxy mergers. Images: Connor Bottrell (Bottrell et al. 2024)

Rather than conforming to a singular spatial archetype, SF in mergers reflects a range of outcomes
shaped by the physical conditions and dynamic histories of the systems involved. This thesis builds
on these findings by using spatially resolved spectroscopy from the SAMI Galaxy Survey to investigate
how SF is distributed across interacting, clustered, and isolated galaxies, with the goal of disentangling

the physical processes that govern SF in dynamically complex environments.
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CHAPTER 3: THE SAMI GALAXY
SURVEY

This thesis uses data from the SAMI Galaxy Survey and supporting data from the GAMA survey.
These datasets provide spatially resolved spectroscopy and robust multi-wavelength ancillary infor-

mation respectively, enabling a comprehensive analysis of galaxy SF across diverse environments.

3.1 SAMI Instrument

The SAMI instrument combines the multiplexing efficiency of a multi-object spectrograph with the
spatial resolution and mapping capabilities of an IFS. Designed as a survey-grade instrument, SAMI
enables simultaneous, spatially-resolved observations of multiple galaxies, facilitating high-throughput
studies of internal galaxy structure, kinematics, and ionisation conditions across large samples (Croom
etal. 2012; Bryant et al. 2015).

3.1.1 Instrument Design

The scientific motivations behind SAMI shaped its architecture and survey strategy (Bland-Hawthorn
etal. 2011; Croom et al. 2012; Bryant et al. 2015). The key science goals proposed by the SAMI team

were designed to answer the following questions:
 What is the physical role of environment in galaxy evolution?

* What is the relationship between stellar mass growth and angular momentum development in

galaxies?
* How does gas get into and out of galaxies, and how does this drive SF?

These goals necessitated a system capable of both high spatial resolution and a large survey volume,
which was a combination not feasible with previous IFU instruments (Bacon et al. 2001; Allen et al.
2015; Bundy et al. 2015). The resulting solution was the first scalable, wide-field multiplexed IFS

system built for systematic galaxy evolution studies.

3.1.2  Hexabundles and Fibre System

SAMI s equipped with 13 fused fibre bundles, known as hexabundles, outlined in Section 2.2 (Bland-
Hawthorn etal. 2011) and shown in Figure 3.1. Each hexabundle comprises 61 optical fibres arranged

17



in a circular configuration with a 15-arcsecond diameter covering a 1-degree field of view on the sky,
enabling spatially resolved spectroscopy across multiple regions of a galaxy. Twelve hexabundles are
allocated to observe galaxies, with one reserved for calibration (Croom et al. 2012), a configuration
that enables multiplexed spatially resolved spectroscopy.

The hexabundles transmit light to AAOmega, a dual-beam spectrograph capable of medium spec-
tral resolution across a broad wavelength range (Smith et al. 2004; Sharp et al. 2006). In the standard
SAMI setup, the system is configured with the 580V and 1000R gratings, providing a wavelength
coverage of 3700 - 5700 Ain the blue arm (R ~ 1700) and 6300 - 7400 Ain the red arm (R ~ 4500)
(Smith et al. 2004; Croom et al. 2012; Bryant et al. 2015). This wavelength range covers important
features used to derive stellar populations, SFR, and gas kinematics, and emission line fluxes (e.g., He,
H, [OI11], [NII], [SII]).

Figure 3.1: The front face of one of the 61-core hexabundles on the SAMI Instrument. The cores are 105 pm
in diameter, combining to provide the 15” aperture that gives a 1° field of view on the sky. Jmage: Joss Bland-
Hawthorn (Bryant et al. 2012)
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3.1.3  Installation and Observing Environment

SAMI was installed on the 3.9-metre Anglo-Australian Telescope at Siding Spring Observatory in
Coonabarabran, NSW, in July 2011, with the initial prototype progressing from first light to reduced
spectra within nine months, publishing early results in (Fogarty et al. 2014). The AATs wide 1-degree
field of view, combined with its excellent guiding and tracking stability, makes it well suited to multi-

object spectroscopy.

3.1.4 Transition to Hector

The conclusion of the SAMI Galaxy Survey marked a pivotal moment in Australian IFS. SAMI, with
its innovative hexabundle fibre technology (Bland-Hawthorn et al. 2011), successfully delivered spa-
tially resolved spectroscopy for over 3,000 galaxies across diverse environments (Fogarty et al. 2014;
Scott et al. 2018; Fraser-McKelvie et al. 2021). Building on this success, the Australian Astronomical
Observatory (AAO) initiated development of Hector, the next-generation multiplexed IFS instrument
for the AAT.

Hector represents a significant expansion in capability. While SAMI deployed 13 hexabundles with
61 fibres each, Hector introduces larger hexabundles, a new fibre positioning system, and upgraded
spectrographs designed to increase efficiency and precision (Bryant et al. 2020; Zhelem et al. 2020;
Mohanan et al. 2022; Bryant et al. 2024) These improvements enable Hector to target up to 15,000
galaxies, or five times the statistical sample achieved by SAMI, while also employing broader wave-
length coverage with both the AAOmega legacy spectrograph (R1700 in the blue arm and R4500
in the red arm) and the new Spector spectrograph (R5000 — 7000) and enhanced spectral resolution
(Bryant et al. 2020; Zhelem et al. 2020; Mohanan et al. 2022; Bryant et al. 2024).

The transition from SAMI to Hector reflects both continuity and innovation. SAMIdemonstrated
the scientific power of multiplexed IFS, producing landmark results on galaxy kinematics, SF, and
environmental quenching (Schaefer et al. 2017; Scott et al. 2018; Tuntipong et al. 2024). Hector
extends this legacy by scaling up the sample size, improving the field of view of the instrument, and

increasing the spectral resolution.

3.2 The GAMA Survey

The GAMA survey provides the photometric and spectroscopic backbone for the SAMI target selec-
tion. GAMA is a highly complete (> 98%) multi-wavelength spectroscopic survey designed to provide
a uniform and statistically powerful foundation for studies of galaxy evolution (Driver et al. 2011).
GAMA combines deep optical spectroscopy with extensive ancillary data spanning the ultraviolet to
the radio, producing one of the most comprehensive extragalactic datasets available (Driver et al. 2011;
Hopkins et al. 2013a).

GAMA covers three equatorial fields (G09, G12, G15) and two southern fields (G02, G23), to-
talling ~286 degz, and provides spectroscopic redshifts for over 300,000 galaxies down to » < 19.8
mag (Driver et al. 2016). The survey’s exceptionally high redshift completeness makes it ideal for en-

vironmental studies.
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For this thesis, GAMA provides the global measurements and catalogue data needed to contextu-

alise the spatially resolved SAMI observations. In particular, GAMA ofters:

* Accurate redshifts and spectral measurements (Liske et al. 2015);
¢ Stellar masses, photometry, and structural parameters (Taylor et al. 2011; Kelvin et al. 2012);

* Group and environment catalogues (Robotham et al. 2011).

These data products ensure that the SAMI sample is embedded with robust statistical framework
spanning galaxy mass, morphology, and environment. This embedding is particularly valuable be-
cause it allows individual SAMI galaxies to be interpreted in the context of a well-characterised parent
population, ensuring that trends observed in the integral-field data can be linked to global properties
with minimal bias. GAMA’s high completeness and uniform selection make it especially well-suited

as the parent catalogue for the SAMI Galaxy Survey (Bryant et al. 2015; Croom et al. 2021).

3.3 The SAMI Galaxy Survey

The SAMI Galaxy Survey commenced in March 2013 and concluded in May 2018, producing a fi-
nal sample of 3068 galaxies across a wide range of environments (Bryant et al. 2015; Croom et al.
2021). Targets were selected from the GAMA survey (Driver et al. 2011) and complementary cluster
catalogues, ensuring coverage of field, group, and cluster environments. The survey spans a redshift
range of 0.004 < z < 0.095 and a stellar mass range of 1085 - 105 M, enabling statistically robust

comparisons across diverse galaxy populations.

3.3.1 Multiplexed IFS and Survey Efficiency

One of the defining features of SAMI is its ability to observe 12 galaxies simultaneously, dramatically
improving survey throughput. This multiplexed design enables large-scale resolved studies that were
previously impractical due to the time requirements of single-object spectrographs. Italso reduces sus-
ceptibility to aperture bias and to obscured spatial variations caused by collapsing spectra into global
averages (York et al. 2000; Bland-Hawthorn et al. 2011; Driver et al. 2011).

3.3.2  Data Products and Public Releases

Three major SAMI data releases contain reduced data, derived maps, and value-added catalogues
(Allen et al. 2015; Green et al. 2018; Croom et al. 2021). These releases represent one of the most
comprehensive sets of integral field spectroscopy products available for nearby galaxies, enabling both

targeted case studies and large-scale statistical analyses. The data products include:

* flux-calibrated datacubes (one red, one blue, corresponding to the two arms of the AAOmega

spectrograph);
* emission-line flux maps (H-alpha (He), H-Beta (HZ), [NII], [SII], etc.);

e stellar kinematics and velocity dispersion fields;
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Figure 3.2: The full SAMI sample mapped in stellar mass and local density space, with colour indicating the
ratio of gas to stellar velocity. This map helps contextualise the environments and dynamical states of the galaxies
under study. Image: SAMI DR3 (Croom et al. 2021)

* ionised gas kinematics and diagnostic maps;
* aperture spectra and global measurements.

Each release has progressively expanded the scope and quality of the survey, with improvements in
calibration, sky subtraction, and value-added catalogues (Allen et al. 2015; Green et al. 2018; Croom
etal. 2021), such as the example shown in Figure 3.2. These products have formed the basis for studies
of galaxy kinematics, chemical enrichment, and environmental effects, as outlined in Subsection 3.3.3.
The public availability of SAMI data ensures reproducibility and facilitates cross-survey comparisons
with other IFS programs such as CALIFA and MaNGA (Fraser-McKelvie et al. 2021).

3.3.3  Key Results from SAMI

The scientific impact of the SAMI Galaxy Survey is reflected in a series of landmark results that demon-
strate the power of multiplexed IFS for understanding galaxy evolution. By providing spatially re-
solved spectroscopy across thousands of galaxies, SAMI has enabled analyses that move beyond global
measurements to reveal the internal processes shaping galaxies.

One of the most significant outcomes has been the identification of environmental quenching sig-

natures. Spatially resolved Ha maps reveal suppressed SF in satellite galaxies, with clear radial gradients
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linked to local density and group environment (Schaefer et al. 2017). These results highlight how en-
vironment influences SF not only globally, but also within galaxy disks.

SAMI data has also helped establish robust scaling relations between galaxy structure and stellar
populations. Scott et al. (2017) demonstrated that stellar age and metallicity vary systematically across
the size-mass plane, providing new constraints on pathways from star-forming disks to quenched
spheroids. Complementary work by Brough et al. (2017) showed that mass is the primary driver of
the kinematic morphology-density relation in clusters, with the fraction of slow rotators increasing
strongly with stellar mass. Together, these studies emphasise the interplay between mass, morphol-
ogy, and environment in shaping galaxy evolution.

The survey’s kinematic products have further demonstrated how internal dynamics regulate SF ef-
ficiency. Stellar velocity fields and dispersion maps revealed systematic trends between kinematic sup-
port and a galaxy’s position on the star-forming main sequence (SEMS), which describes the tight cor-
relation between stellar mass and SFR in star-forming galaxies, providing a benchmark against which
elevated or suppressed activity can be measured (Ellison et al. 2011; Tacchella et al. 2015), and under-
scores the role of dynamical structure in regulating SF (Fraser-McKelvie et al. 2021).

SAMI has also enabled systematic studies of galactic winds. Ho et al. (2016) identified extraplanar
ionised gas and outflows in galaxies with recent SF, linking the presence of winds to SF history and
demonstrating their role in regulating galaxy growth. This work highlighted the ability of SAMI to
detect feedback processes across a statistical sample.

Finally, SAMI has provided criteria for identifying Milky Way analogues within the local galaxy
population. By combining spatially resolved SF and kinematic diagnostics, the survey has enabled
comparative studies of our Galaxy’s place in the broader population, offering a benchmark for models
of disk galaxy evolution (Tuntipong et al. 2024).

Together, these results demonstrate the breadth of SAMI science. From environmental processes
to internal kinematics, feedback mechanisms, and population analogues. They form a foundation for
the expanded statistical depth of Hector, ensuring continuity in addressing key questions of galaxy

evolution.

3.4 Data used in this thesis

The Third Data Release (DR 3), used in this thesis, includes the full 3068-galaxy sample and is acces-
sible through Australian Astronomical Optics’ Data Central portal (DataCentral 2025). To establish
environmental classifications, I cross-referenced the SAMI sample with the GAMA Pairs Catalogue
(Robotham et al. 2014), obtaining counts for pair galaxies. Galaxies with exactly one partner were
classified as Pairs, while galaxies with multiple companions were classified as Groups. Galaxies that did
not match any entry in the GAMA Pairs Catalogue were classified as Isolated.

Additional global properties were then incorporated into each subset by matching SAMI identifiers
to the corresponding entries in the relevant value-added catalogues. These included the GAMA Stellar
Mass Catalogue (Taylor et al. 2011) and Input Catalogue (Driver et al. 2011), as well as the SAMI
Morphology Catalogue (Tuntipong et al. 2024). A detailed description of this process is provided in
Chapter 4.
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CHAPTER 4: DATA ANALYSIS

The data analysis in this thesis was conducted in Python, using standard astronomical and statistical
libraries including numpy (Harris et al. 2020), astropy (Astropy Collaboration et al. 2013, 2018),
pandas (Wes McKinney 2010), scipy (Virtanen et al. 2020), and matplotlib (Hunter 2007). Un-

less otherwise stated, all code was developed by me for the purposes of this thesis.

4.1 Interacting and Isolated Galaxies

As outlined in Section 3.3, the initial SAMI DR3 contained 3068 galaxies observed by the SAMI
instrument. To support later analysis, additional parameters were incorporated from several SAMI
and GAMA catalogues. Stellar masses were obtained from the GAMA Stellar Mass Catalogue (Taylor
et al. 2011), while R, were drawn from the GAMA Environment Measures Catalogue (Robotham
etal. 2011).

Morphological information was added from two sources. The SAMI Morphology Catalogue (Tun-

tipong et al. 2024) provided indicators of structural features and interaction phases, including:

* Strong Bar: The presence of a strong bar;

Weak Bar: The presence of a weak bar;

LSB Companion: The presence of a low surface-brightness companion;

Merger: A galaxy having two systems that are very close or a disturbed single system;

* Interaction: A galaxy showing signs of an interaction, such as tidal tails or disturbance, but still

considered a separate galaxy;

Shells/Asymmetry: A galaxy consisting of shells or asymmetry, including merger remnants.

In addition, the GAMA Morphology Catalogue (Driver et al. 2022) provided a complementary
classification scheme. The raw catalogue distinguishes between early-type systems (E), bulge-dominated
systems with compact or diffuse bulges (cBD, dBD), late-type systems (D), compact galaxies (C), and
hard to determine cases (H, HE) that are difficult to classify due to asymmetry or multiple cores, as
well as fragments (FRAG) and stellar contaminants (STAR). For statistical analysis, these subcases

were merged into three broad categories:

* E (Early-type Group): Combination of galaxies classified as E, HE, and C
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* D (Late-type Group): Combination of galaxies classified as D and H

* BD (Bulge-Dominated Group): Combination of galaxies classified as cBD and dBD

Compact systems were assumed by Driver et al. (2022) to be poorly resolved early-types, while
HE systems were treated as multiple-cored early-types. H classifications with hard asymmetric sys-
tems were assumed to be disturbed late-types. FRAG and STAR entries were excluded. This merged
scheme provides a consistent classification across the SAMI sample, yielding 1136 BD galaxies, 283 E
galaxies, and 456 D galaxies, with the remaining 1193 galaxies lacking morphology codes and there-
fore labelled as Unclassified.

To investigate how galaxy interactions influence SF among mergers, the sample was then partitioned
into environmental categories by cross-matching SAMI galaxy identifiers with the GAMA Pairs Cat-
alogue (Robotham et al. 2014). These categories were defined as:

* Pairs: 106 unique galaxies with exactly one companion within 100 kpc.
* Groups: 522 unique galaxies with two or more companions within 100 kpc.

* Isolated: 2440 unique galaxies with no companions within 100 kpc.

The Pairs and Groups subsets form the test population for assessment, while the Isolated subset

provides the control galaxies.

4.2 Quality Control

To ensure data reliability of SFR measurements, several quality control measures were applied to the

SAMI FITS files across all three environmental samples.

4.2.1 Signal-to-Noise Filtering

A Signal-to-Noise ratio (SNR) cut was applied to the SFR FITS files at the spaxel level, excluding indi-
vidual spaxels with SNR < 4. Below this threshold, emission-line fluxes become unstable, and derived
quantities have large errors. Galaxies were then excluded from the sample if they did not contain a suf-
ficient number of spaxels meeting the Signal-to-Noise (5/N) > 4 criterion. This approach provides a
balance between maximising sample size and retaining integrity in the measurements, consistent with
recommended SAMI quality thresholds (Bryant et al. 2015; Green et al. 2018).

After S/N filtering, the working sample was reduced to 2371 galaxies, comprising:

* Pairs: 98 galaxies;
* Groups: 418 galaxies;

* Isolated: 1855 galaxies.
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4.2.2  Pixel Filtering

In addition to the S/N threshold, galaxies whose SFR maps contained fewer than 50 spaxels were
excluded. Systems with limited spatial coverage cannot provide reliable radial profiles or region-based
statistics, as the derived quantities are dominated by noise rather than genuine structure.

Figure 4.1 compares two galaxies, the left with only 31 valid pixels and the right with over 700.
The low-pixel case produces a patchy heatmap and lacks any determinable structure, while the radial
profile is erratic, with a clear artificial spike. In contrast, the high-pixel galaxy on the right exhibits a

coherent heatmap with a clear central feature and smooth radial decline, mirrored in its radial profile.

Figure 4.1: Comparison of two SAMI galaxies illustrating the impact of pixel count on radial SFR analysis. Left
panels: Galaxy 303099 with only 31 valid pixels, producing a patchy heatmap and an erratic radial profile with
an artificial central spike. Right panels: Galaxy 70114 with 723 valid pixels, showing a coherent heatmap with
a clear central feature and a smooth radial decline. These examples demonstrate the necessity of pixel count
thresholds for reliable spatial analysis.

After adopting a balanced cutoff of 50 pixels, the working sample was reduced to 1306 galaxies:

* Pairs: 80 galaxies.

* Groups: 197 galaxies.
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* Isolated: 1029 galaxies

4.2.3  Group Verification

The final quality-control step was group verification, to ensure morphological consistency across the
sample. Using the SAMI Morphology Catalogue (Tuntipong et al. 2024), which identified galax-
ies across the SAMI sample with features consistent with mergers or interactions, an additional 391
galaxies originally classified as Isolated were found to exhibit tidally-disturbed morphologies. Despite
lacking nearby companions, these systems showed evidence of recent mergers or interactions, and were
reclassified into a new Interacting category alongside the existing Pairs galaxies.

Figure 4.2 illustrates an example of reclassification. SAMI Galaxy 77967, initially classified as Iso-
lated, was reclassified as Interacting after morphological assessment revealed features consistent with

arecent merger.

Figure 4.2: SAMI Galaxy 77967, originally classified as an Isolated galaxy with no nearby neighbours, this galaxy
was reclassified as an Interacting galaxy after morphological assessment noted features consistent with a recent
merger. [mage: de Jong et al. (2015).
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After group verification and reclassification, the working sample comprised:
* Interacting: 471 galaxies
* Groups: 197 galaxies

* Isolated: 638 galaxies

4.2.4  Working Sample

Initial analysis of the data found that SF and kinematic properties of the galaxies in the Pairs and
Groups subsets were remarkably similar. Trends across both categories were consistent, and the sta-
tistical separation between them was minimal. As a result, I combined the Groups sample into the
Interacting sample for the remainder of the analysis. This allowed for a cleaner comparison between
the Interacting systems and Isolated controls, while preserving statistical power.

The final working sample consists of:

* Interacting: 668 galaxies

* Isolated: 638 galaxies

4.3 Pairs Mass Ratio

Galaxy interactions span a wide range of mass scales, from equal-mass collisions to the accretion of
tiny satellites. To quantify this diversity within the Interacting sample, I calculated the stellar mass
ratio for each pair. For the 144 galaxies in the Interacting sample with close partners, the stellar mass
ratio was calculated as:

M primary

Mass Ratio = (4.1)

secondary

The primary galaxy was defined as the more massive of the two. Based on this ratio, the Pairs were

classified into four categories:
* Major Merger (1:1 - 1:4)
* Minor Merger (1:4 - 1:10)
* Dwarf Merger (1:10 - 1:100)

* Satellite Accretion (> 1:100)

Applying this scheme to the Interacting sample yields 72 major mergers, 39 minor mergers, 29
dwarf mergers, and 4 satellite accretion systems. This distribution shows that major mergers dominate
the Interacting sample, while extreme ratios like satellite accretions are rare in this data. Additionally,

no galaxies in the Interacting sample were flagged as having low surface brightness companions (LSB
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Comp, Tuntipong et al. 2024). The dominance of major mergers reflects both their observational
visibility and their dynamical impact, which makes them easier to identify in surveys. By contrast,
the scarcity of extreme ratios such as satellite accretions highlights an observational bias. Their ab-
sence underscores the observational difficulty of detecting such faint systems, and suggests that satel-
lite accretions may be under-represented in catalogues despite their expected frequency in hierarchical
models (e.g. Bottrell et al. 2024).

4.4 The Data

To probe SF activity across the SAMI sample, several derived data products were generated. These
products provide both spatial and radial perspectives on SF, enabling comparisons across environ-
ments and morphologies.

First, Ha flux, SFR, and gas velocity dispersion maps were created to visualise the internal structure
of individual galaxies, as shown in Figure 4.3. These maps illustrate the distribution of ionised gas and
highlight regions of enhanced SF, forming the basis for subsequent radial segmentation analyses.

Radial profiles were then computed by binning spaxels in concentric annuli centred on each galaxy.
Distances were initially measured in arcseconds, as provided by the SAMI dataset. To enable compar-
ison across galaxies of different sizes, profiles were normalised by R, from the GAMA Environment
Measures Catalogue, producing fractional effective radius (r/R.) profiles. This normalisation allows
galaxies of varying physical scales to be compared on a common footing. An example of these can be
seen in Figure 5.2 in Chapter 5.

Each galaxy’s SFR distribution was further segmented into four regions:

* Central (0-0.5R,)

Mid (0.5- 1.0R,)

Outer (1.0-2.0R,)

Outer2(2.0-3.0R,)

For each region, the total, mean, and median SFR values were calculated.
Finally, I computed the Specific Star Formation Rate (sSFR) as a mass-normalised measure of ac-

tivity:

SFR

*

sSFR =

(4.2)

M, is the stellar mass of the galaxy, determined from the GAMA Stellar Mass Catalogue. This

parameter provides a direct comparison of SF efficiency across galaxies of different masses.
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Galaxy Pair: 585386 & 585422
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Figure 4.3: Multi-panel comparison of SAMI galaxy pair 585386 (top) and 585422 (bottom), showing KiDS
imaging, Hz emission, SFR, and gas velocity dispersion (Vgsp ). Each row includes spatial maps and correspond-
ing radial profiles, plotted in both arcseconds and units of R,, highlighting structural and kinematic differences
between the larger primary and its smaller companion. KiDS curouts were obtained via the DataCentral Image
Cutout Service (de Jong et al. 2015; DataCentral 2025)
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CHAPTER 5: RESULTS

Before examining the spatial distribution of SFR, I first compared the overall SF rates of interacting
and isolated galaxies. Figure 5.1 illustrates the distribution of the total SFR per galaxy, expressed as
log,,(SFR /M, yr1), henceforth all statistics quoted are in these units unless otherwise specified. As
can be seen in the plot, merging galaxies exhibit systematically higher SFR values, with a mean of
—0.975 £ 0.075 (¢ = 0.922, n = 601), compared to —1.142 + 0.075 (¢ = 0.869, n = 535) for isolated
galaxies, while the medians (—0.868 vs. —1.109) confirm this offset. Specific SFRs show a similar trend,
with the mergers showing a mean of —10.417 + 0.072 (¢ = 0.884, » = 601) versus —10.534 + 0.065
(¢ =0.750, z = 535) for isolated galaxies, with medians of —10.243 and —10.410 respectively.

These differences are statistically significant, with Kolmogorov-Smirnov (KS) tests yielding D =
0.104 (p = 0.0038) for SFR and D = 0.135 (p = 5.5 X 107°) for sSFR, indicating that the distri-
butions of mergers and isolated galaxies are unlikely to be drawn from the same parent population.
Mann-Whitney U (MWU) tests corroborate this, with U = 177,852 (p = 0.0020) for SFR and
U = 181598 (p = 1.6 X 107%) for sSFR. Together, these results demonstrate that mergers and iso-
lated galaxies are statistically distinct populations, with mergers showing systematically elevated SF.
The modest but statistically significant differences in both central tendency and overall distribution
confirm that mergers drive enhanced SF, rather than representing random variation within the same
parent population.

As this measure includes the full spatial extent of each galaxy, it reflects the overall global enhance-
ment of mergers over isolated galaxies, but gives no clear indication of spatial SF distributions, which

I explore later.
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Figure 5.1: KDE of total SER per galaxy for mergers (blue) and isolated (grey) galaxies. Vertical dashed lines
indicate the median log; ,(SFR) values for each category. The merger population shows a modest shift toward
higher SFRs, consistent with the statistical results discussed in Chapter 5

While global measures highlight overall enhancement, they obscure where within the galaxies this
activity occurs. To address this, I constructed plots of SF as a function of radius. The SAMI data are
provided in arcseconds, as shown in the radial plot in Figure 5.2(a). To compare galaxies of different
sizes, I scaled the radial distance by each galaxy’s R ,and calculated the fractional radii (r/R.). This size-
independent approach allows direct comparison of star-forming profiles, and can be seen in Figure
5.2(b). Across r < 3R,, Interacting galaxies show a higher mean log,,(SFR) of —3.439 + 0.073 (¢ =
0.882, » = 588) compared to —=3.598 + 0.072 (¢ = 0.828, » = 532) for isolated systems, with
medians log, ,(SFR) = —3.451 and —3.631, respectively. The radial plots include 668 interacting and
638 isolated galaxies with valid effective radii, but only those with at least one positive SFR pixel within
3 R, contribute to the global statistics. KS tests confirm that the two distributions difter (D = 0.090,
p = 0.020), supported by MWU results (U = 171,758, p = 0.0045). The resulting profiles show
elevated SFR across all fractional radii in interacting galaxies compared to the isolated systems, with
enhancement most pronounced in the nuclear regions and declining steadily towards the outskirts.
There is an elevated bump in the outskirts region of the Interacting galaxies, indicating a subset that

have a higher occurrence of SF in the outer regions.
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(a) Mean galaxy SFR profile vs radial distance (arcsec) (b) Mean galaxy SFR profile vs fractional effective radius
(r/Re)

Figure 5.2: Mean SFR profiles vs radius for mergers and isolated galaxies, shown as a function of radial distance.
Panel (a) plots log(SFR + 1) against physical radius in arcseconds, while panel (b) normalises distance by each
galaxy’s effective radius r/R,. In both cases, mergers (solid blue) exhibit elevated central SFR compared to iso-
lated galaxies (dashed black), consistent with merger-driven central enhancement.

To further investigate the factors that influence the spatial distribution of SF during galaxy mergers,
once the SFR for each galaxy was normalised by its fractional R, I divided it into four fractional spatial

regions:
¢ Inner: 0-0.5R,
* Mid: 0.5-1.0R,
* Outer: 1.0-2.0R,

* Outer 2: 2.0-3.0R,

Fractional effective radii normalisation ensures that central and outer regions are compared consis-
tently. This removes the effect of distance to the galaxy, as galaxies further away appear smaller, and
the effect of galaxy size. This segmentation allows direct comparison of star-forming activity across
galaxies of varying sizes, highlighting both central and outer trends through radial distributions. By
segmenting the galaxies in this way, further analysis can show whether mergers preferentially enhance
nuclear SF or suppress activity in the outskirts.

In the following sections, I examine how stellar mass (Section 5.1), pair separation (Section 5.2),
merger ratios (Section 5.3), morphology (Section 5.4), and combined mechanisms (Section 5.5) im-

pact the radial distribution of SF, building on the global and radial trends established here.

5.1 Stellar Mass

When compared to isolated mass-matched galaxies, as shown in Figure 5.3, interacting systems follow
the same overall trend of increasing SFR and declining sSFR with stellar mass. Higher-mass galaxies
consistently exhibit elevated SFR, in line with the SEMS. In the SAMI sample, the innermost region

(0-0.5r/R,) shows the steepest rise in SFR with increasing mass, reflecting the natural concentration
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of stellar and gas reservoirs in galactic centres, and suggesting that central SF is more efficient in both
isolated and merging systems. By contrast, the outer 2 region (2.0 - 3.0 R,) shows significantly lower

SFRs, indicating that star-forming activity in galaxy outskirts is comparatively suppressed.

Figure 5.3: SFR and sSFR as a function of stellar mass for Isolated and Interacting galaxies. Each panelis colour-
coded by radial region within galaxies: Inner (r/R, <0.5), Mid (0.5 < r/R, < 1.0), Outer (1.0 <r/R, < 2.0), and
Outer 2 (2.0 < r/R, < 3.0). Interacting galaxies show elevated SFR and sSFR across all regions, particularly in
central zones, indicating merger-driven enhancement that scales with stellar mass.

The sSFR provides a complementary perspective: while SFR increases with mass, sSSFR declines,
reflecting the reduced relative efficiency of SF in more massive systems. This anti-correlation is partic-
ularly evident in the central regions, where the ratio of new SF to existing stellar mass declines steeply,
highlighting the dominance of mass growth over ongoing SF.

To contextualise these trends, Figure 5.4 shows the distribution of SF across four annular regions for
both mergers and isolated galaxies. In both environments, SF declines systematically with radius. The
inner and mid regions exhibit very similar distributions with median log, ,(SFR) = —1.36 and ~1.39
for mergers and log;,(SFR) = —1.49 and —1.56 for isolated galaxies, respectively. The outer region
shows a more pronounced drop, with medians of log; , (SFR) = —1.94 for mergers and log,,(SFR) =
—2.18 for isolated, while the outermost annulus is the most diffuse, with medians of log,,(SFR) =

—3.04 and —3.11. These results confirm that SF is centrally concentrated in both samples, but mergers
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Figure 5.4: KDE of logj stellar mass distributions across four annular regions for mergers (left) and isolated
galaxies (right). Vertical dashed lines indicate median values.

consistently exhibit slightly higher activity at all radii compared to isolated systems.

The regression fits in Table 5.1 confirm the expected rise in SFR and sSFR with stellar mass across
all regions. Complementary KS and MWU tests show that, with the exception of the inner vs mid
comparison, where distributions are statistically indistinguishable (p > 0.6), all other radial regions
difter significantly (» < 0.001). These results reinforce that interacting galaxies exhibit systematically

elevated SF activity relative to isolated controls, particularly in the central and outermost zones.

Table 5.1: Regression fits of logjo(SFR) and logio(sSFR) versus stellar mass across radial regions for interacting
and isolated galaxies. Columns list: Sample: Interacting or Isolated subsample, Metric: logSFR or logSSFR,
Region: r/R, radial zone, Slope: per logio(M), Intercept: fit constant, R: correlation coeflicient, p-value:
significance of the fit, N': number of galaxies in the subsample.

Sample Metric Region (7/R,) Slope  Intercept R p-value N
Interacting  logSFR Inner (<0.5) 0.7245  -8.197  0.573 7.35x1073* 372
Interacting  logSFR Mid (0.5-1.0)  0.6071  -7.059  0.543 7.5x1073' 384
Interacting logSFR  Outer (1.0-2.0)  0.5308  -6.816  0.428 9.23x 1077 344
Interacting logSFR  Outer2(2.0-3.0) 0.4561  -7.236 0372  L1x107° 162
Isolated logSFR Inner (<0.5) 0.7474  -8.584  0.592 4.46x107% 505
Isolated logSFR Mid (0.5-1.0)  0.6560  -7.728  0.549 1.68x107% 511
Isolated logSFR Outer (1.0-2.0) 05858  -7.592  0.459 4.65x107% 454
Isolated logSFR  Outer2(2.0-3.0) 0.4258  -7.087 0364 2.35x1077 191
Interacting logSSFR  Inner (<0.5) 0.2755  -8.197 0257 5.06x1077 372
Interacting logSSFR ~ Mid (0.5-1.0)  -0.3929  -7.059  -0.386 4.14x107"° 384
Interacting logSSFR  Outer (1.0-2.0) -0.4692  -6.816  -0.386 L1x107 344
Interacting logSSFR  Outer 2(2.0-3.0) -0.5439  -7.236  -0.431 103 x107% 162
Isolated logSSFR  Inner (<0.5) -0.2526  -8.584  -0.241 418x107% 505
Isolated logSSFR  Mid (0.5-1.0)  -0.3440  -7.728  -0.325 4.58x107™* 511
Isolated logSSFR  Outer (1.0-2.0)  -0.4142  -7.592  -0.343 S.27x 107" 454
Isolated logSSFR  Outer2(2.0-3.0) -0.5742  -7.087  -0.466 114x1071 191
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5.2 Pair Separation

Having established the role of stellar mass in shaping the radial distribution of SF, I next quantified
the effect of pair separation. In this analysis, separation is defined as the projected distance between
galaxy centres at the time of observation. Smaller separations correspond to stronger tidal interactions
as gravitational forces scale with distance, but do not uniquely determine merger stage, as close pairs
may represent either first passage or near coalescence. Within the constraints of the SAMI dataset and
the scope of this study, separation is treated as a proxy for interaction strength. The following results
examine how SFR and sSFR vary across radial regions as a function of pair separation, supported by

statistical comparisons between separation bins.

Figure 5.5: Distribution of total SFR per galaxy as a function of projected pair separation. The distribution
highlights enhanced SFR at small separations ( < 25 kpc) and a larger variability at larger separations (75 - 100

kpc).

The highest median in SFR occurred in the <25 kpc separation bin, which has a median of -0.524
(Figure 5.5). The median values decline with increasing separation, with log; ;(SFR) = —0.784 at 25
- 50 kpc, —0.716 at 50 - 75 kpc, and —1.261 at 75 - 100 kpc. The largest separation, 75 - 100 kpc bin,
also shows the broadest spread in SFR density, indicating that some galaxies at larger separations are
undergoing starbursts. Some systems are still in pre-interaction phases with low activity, while others
are mid-interaction and undergoing elevated SF, producing the observed diversity in this bin. Median
sSFR values follow a similar trend, decreasing from log, ; (sSFR) = —9.844 in the closest bin, stepping
down to —10.220, —10.248, and —10.264 in successive bins. Statistical comparisons of the bins using
KS and MWU tests reveal that the strongest difference is found between the sample of Pairs that are
closest together (<25 kpc) and furthest apart (75 - 100 kpc): SFR (p = 0.0004 and p = 0.00006, and
sSFR p = 0.0045 and p ~ 0.0004). Significant differences are also evident between the closest and
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second-furthest bins, highlighting that proximity is a key modulator of sSFR.

Table 5.2: Regression fits of logio(SFR) and logio(sSFR) versus projected pair separation across radial regions
for interacting galaxies. Columns list: Metric: logSFR or logSSFR being fitted; Region (/R,): radial zone
of the galaxy; Slope: change in SFR/sSFR per unit pair separation; Intercept: baseline offset of the regression
line; R: correlation strength; p-value: statistical significance of the fit; N': number of galaxies in the subsample.

Metric ~ Region (»/R,) Slope  Intercept R p-value N
logSFR Inner (<0.5) -0.0103  -0.832  -0.295 19x107* 155
logSFR Mid (0.5-1.0) -0.0079  -0.900  -0.248 15x1073 160

logSFR  Outer (1.0-2.0)  -0.0062  -1.556  -0.169 42x107% 145
logSFR  Outer2(2.0-3.0) -0.0081  -2.529  -0.286 33x1072 56
logSSFR  Inner (<0.5) -0.0085  -1024  -0.302 13x107% 155
logSSFR  Mid (0.5-1.0) -0.0063  -1034  -0.220 5.2x107% 160
logSSFR  Outer (1.0-2.0)  -0.0032  -11.06  -0.087 0297 145
logSSFR  Outer2(2.0-3.0)  0.0001  -12.14  0.003  0.981 56

Figure 5.6 shows that SF declines with increasing pair separation across radial regions. In the central
0-0.5r/R,, both SFR and sSFR exhibit significant anti-correlations (SFR R = —0.30, p < 0.001;
sSFR R = —0.30, p =< 0.001), confirming that central activity is most sensitive to separation of the
galaxies. The mid annulus (0.5 - 1.0 r/R,) also shows significant but weaker declines (SFR R = —0.25,
p = 0.002; sSSFR R = —0.22, p =~ 0.005). In the outer region (1.0 - 2.0 r/R.), correlations are faint
(SFR R = —0.17, p =~ 0.04; sSFR not significant). The outermost annulus (2.0 - 3.0 r/R,) shows
a modest decline in SFR (R = —-0.29, p = 0.03) but no measurable trend in sSFR. Sample sizes
range from 155 galaxies in the centre to 56 in the outskirts. These results confirm that the strongest
separation-dependent modulation of SF occurs in the central regions, with progressively weaker cor-

relations outward. Full regression statistics, including slopes, intercepts, R, p, and N, are provided in
Table 5.2.
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Figure 5.6: SFR and sSFR as a function of projected separation for interacting galaxy pairs. Each panel shows
radial regions colour-coded by fractional effective radius: Inner (r/R, < 0.5, purple), Mid (0.5 < r/R, < 1.0,
blue), Outer (1.0 < r/R, < 2.0, green), and Outer 2 (2.0 < r/R, < 3.0, orange). Both SFR and sSFR show
declining trends with increasing separation, particularly in central regions, consistent with proximity-driven
enhancement.

In summary, the pair separation analysis demonstrates that proximity is a strong modulator of SF,
with the most significant declines in SFR and sSFR observed in the central regions and progressively
weaker correlations outward (Table 5.2). Further discussion of these results can be found in Chapter
6.2.

5.3 Mass Ratio

To explore the influence of the comparative mass of the two interacting galaxies on SF, I calculated the
mass ratio using the GAMA stellar mass catalogue (Taylor et al. 2011). As outlined in Chapter 4, I
classified the galaxies into four categories based on mass ratio: major merger (1:1- 1:4), minor merger
(1:4 - 1:10), dwarf merger (1:10 - 1:100), and satellite accretion (> 1:100). Satellite accretion events

were excluded from this analysis after quality control as only one system remained in the sample.
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Figure 5.7: Kernel Density Plot (KDE) of total SFR per galaxy, grouped by merger ratio class: major (blue), mi-
nor (green), and dwarf (orange). Vertical dashed lines indicate the median log;, (SFR [, yr™']) for each class.
Minor mergers show a clear shift toward higher SFR values compared to major and dwarf systems, consistent
with the statistical comparisons presented in Table 5.3.

Figure 5.7 shows that minor mergers have a median log,,(SFR [Mg yr1]) of —0.41, significantly
higher than that of major and dwarf galaxies (—1.19 and —1.40 respectively). Elevated activity is also
seen in sSFR, with statistical tests (Table 5.3) confirming that minor mergers are distinct from both
other classes (p < 0.01). By contrast, major and dwarf mergers are not significantly different from
each other in global SF.

Major and dwarf mergers have a broader distribution and larger standard deviation (¢ = 0.999 and
o = 1.144 respectively) compared to minor mergers (¢ = 0.489), indicating a greater variability in

SFRs. Minor mergers appear both more elevated and more uniform in their behaviour.

38



Figure 5.8: KDE estimates of radial SFR distributions for galaxies undergoing major, minor, and dwarf merg-
ers. Each panel shows the logio(SFR) distributions across four radial zones: Inner (blue), Mid (green), Outer
(orange), and Outer 2 (red). Major mergers peak in the mid and outer regions, minor mergers show elevated
SFR across all annuli, and dwarf mergers concentrate activity in the nucleus. These trends reflect the influence
of tidal redistribution and central suppression mechanisms across different merger scenarios.

Building on these global results, Figure 5.8 shows that median SFR values vary systematically with
radius. Major mergers peak in the mid (—1.61) and outer (—1.47) regions, while minor mergers remain
consistently higher across all annuli (—=1.23, —0.93, —0.85, and —2.00). Dwarf mergers differ, with the
highest median in the inner region (—1.75) and progressively lower values outward. Elevated SFR in
the outer annuli likely reflects gas redistribution during tidal interactions, particularly in minor merg-
ers where extended disks and tidal features sustain activity beyond the nucleus (Bottrell et al. 2024).
Central suppression mechanisms such as rapid gas consumption or feedback may further enhance this
contrast.

Taken together, Tables 5.3 and 5.4 quantify these trends. Minor mergers consistently show higher
medians and smaller spreads in both log;o(SFR) and log;0(sSFR), while major and dwarf mergers
exhibit lower medians and broader variability. These results highlight the distinctive role of minor

mergers in driving enhanced and sustained SF compared to other merger classes.
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Table 5.3: KS and MWU test results comparing log;o(SFR) and logio(sSFR) distributions across merger ratio
classes.

Metric Class1  Class2  n;  ny  KSp-value MWU p-value

logSFR Major Minor 34 13 0.0036 0.0069
logSFR Major ~ Dwarf 34 19 0.9239 0.6495
logSFR Major  Satellite 34 1 0.9714 0.9714
logSFR° Minor  Dwarf 13 19 0.0170 0.0420
logSFR Minor ~ Satellite 13 1 0.4286 0.4286
logSFR Dwarf  Satellite 19 1 0.9000 0.9000
logSSFR Major ~ Minor 34 13 0.2181 0.1869
logSSFR Major ~ Dwarf 34 19 0.0795 0.0462
logSSFR Major  Satellite 34 1 0.0571 0.0571
logSSFR~ Minor Dwarf 13 19 0.0111 0.0021
logSSFR~ Minor ~ Satellite 13 1 0.1429 0.1429
logSSFR Dwarf ~ Satellite 19 1 0.1000 0.1000

Table 5.4: Summary statistics of log;o(SFR) and logjo(sSFR) by merger ratio class.

Class N Median Mean Stddev  Median Mean Std dev
logSFR  logSFR  logSFR  logSSFR  logSSFR  logSSFR
Major 34 -1.19 -1.19 0.999 -10.24 -10.43 0.821
Minor 13 -0.41 -0.41 0.489 -10.12 -10.05 0.537
Dwarf 19 -1.40 -1.36 1.144 -10.73 -11.01 1.064
Satellite 1 -1.05 -1.05 - -9.19 -9.19 -

5.4 Morphology

To assess how morphology influences SF, I combined classifications from the GAMA (Kelvin et al.
2012) and SAMI Morphology Catalogues (Tuntipong et al. 2024). The GAMA catalogue grouped
galaxies into several categories, collated into four primary classes. The SAMI catalogue focused on
morphological classifications of merging systems and structural features such as bars or boxy-peanut
bulges. I initially used the SAMI classification system to ensure galaxies marked in the Isolated group
were not exhibiting signs of recent or ongoing merging. Both catalogues are described in more detail
in Chapter 4.
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5.4.1 GAMA Categories

Figure 5.9: KDE of total SFR per galaxy, grouped by GAMA morphology class: Bulge-dominated (BD, purple),
Late-type (D, yellow), and Early-type (E, blue) for interacting (left) and isolated (right) galaxies. Vertical dashed
lines indicate the median of each distribution. Early-type galaxies show the lowest SFRs in both environments,
consisted with quiescent spheroidal systems. Bulge-dominated galaxies exhibit broader distributions and higher
medians, reflecting higher levels of ongoing SF.

Figure 5.9 compares the distribution of total SFR across the three GAMA morphology groups in in-
teracting and isolated environments. Early-type galaxies exhibit the lowest SFRs, with distributions
skewed toward quiescence and medians below log;,(SFR) = -2, consistent with spheroidal systems
that have largely ceased SF. Late-type galaxies show intermediate SFR activity, with broader distribu-
tions and medians around -1.4, suggesting ongoing but reduced SF. Bulge-dominated galaxies display
the highest median SFRs in both environments, peaking near log, ;(SFR) = —0.6. In the interacting
sample, their distribution is sharply peaked and slightly skewed, indicating a concentrated population
of star-forming systems. This likely reflects the fact that many BD galaxies in the GAMA scheme
are not purely spheroidal systems, but include barred spirals and disk galaxies with prominent bulges
(Kelvin et al. 2012).

The comparison reveals that morphology strongly influences SF, but environment modulates the
intensity. Interacting galaxies show more sharply defined distributions, particularly for BD systems,
implying that interactions may reinforce structural triggers for SF. Isolated galaxies retain the same
morphological hierarchy (BD > D > E), but with more diffuse distributions and lower overall SFRs.
Bulge-dominated systems are consistently more active, even in isolation, while early-types remain
quenched regardless of environment. Interactions appear to amplify existing structural tendencies

rather than override them.
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Figure 5.10: KDE of annular SFR distributions across four radial zones: Inner (blue), Mid (green), Outer (or-
ange), and Outer 2 (red); for each GAMA morphology group: Bulge-dominated (BD), Late-type (D), and
Early-type (E). Vertical dashed lines indicate median of each region’s distribution. This figure includes only
galaxies in the merging sample. The plots reveal how SF varies spatially within galaxies of different morpholo-
gies, highlighting distinct radial behaviours across structural types.

While global profiles provide an overarching picture of SF in merging systems compared to isolated
systems, the purpose of this research was to consider the spatial distribution of SF in merging systems.
Figure 5.10 presents annular SFR distributions across the four radial zones for each morphological
group.

In bulge-dominated systems, SF is broadly distributed across all annuli, with elevated medians in the
inner and mid regions (log, ,(SFR) ~ —1.08 and —1.05 respectively). The outermost annulus shows a
lower median SFR (—2.95), though still higher than those of late-type galaxies (—3.60). Across the in-
ner three regions, BD galaxies consistently exceed both D and E groups in terms of SF. Late-type galax-
ies show nearly identical medians in the inner and mid regions (—1.79), producing a balanced profile
across all zones. Their activity is less concentrated than BD galaxies, but more evenly distributed into
the outskirts. Early-type galaxies display the most suppressed SF, with narrow distributions peaked
at low median values (Inner: —2.54, Mid: —2.40, Outer: —2.62, and Outer 2: —2.94). The outer
2 region shows the highest SFR density, consistent with residual or stochastic SF in the outskirts of
quenched systems. This radial pattern is consistent with the well-established phenomenon of znside-
out quenching, in which SF is first suppressed in central regions before fading in the outskirts (Tacchella
et al. 2015; Lin et al. 2019; Ellison et al. 2022). Such quenching is thought to result from rapid gas
consumption, feedback from AGN or stellar winds, and the stabilisation of central disks, leaving only
low-level or stochastic activity detectable at large radii.

Overall, though some bins are sparsely populated, these regional profiles further reinforce the con-
clusion that morphology governs not only the total SFR, but also its spatial distribution. Bulge-
dominated galaxies maintain elevated SFRs across all zones, while late-types show more disk-dominated
activity, and early-types remain largely passive. The presence or absence of structural features such as

bars may further modulate these trends, as explored in the following section.
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5.4.2  Barred and unbarred galaxies

Bars are elongated stellar structures that redistribute angular momentum and channel gas toward cen-
tral regions of galaxies. They are common in disk galaxies, and can both trigger central SF and con-
tribute to quenching, depending on gas availability and feedback processes (Saintonge et al. 2012;
Fraser-McKelvie et al. 2021; Tuntipong et al. 2024).

Figure 5.11: KDE of total SFR per galaxy for barred (purple) and unbarred (grey) systems, shown separately for
merging (left) and isolated (right) samples. Vertical dashed lines mark the median of each distribution. Barred
galaxies exhibit elevated SFRs in both environments, with the strongest enhancement seen in mergers.

Figure 5.11 compares the total SFRs of barred and non-barred galaxies across the merging and iso-
lated systems. In both samples, barred systems exhibit elevated SFRs relative to their non-barred coun-
terparts. The barred distribution for mergers peaks near log, ; (SFR) ~ —0.6, while non-barred merg-
ers show a broader, flatter profile with a median closer to —1.1. In isolated galaxies, the difference is
more subtle. Isolated barred systems show a more modest enhancement in SFR compared to non-
barred isolated galaxies, with medians near —0.9 and —1.3, respectively.

These results suggest that bars enhance gas inflow and trigger SF during interactions, amplifying
the merger-driven activity. The slightly narrower and more symmetric curves of the isolated galaxies
indicates less variation in SFRs among the isolated galaxies, implying that while bars can stimulate SF
in isolation, their impact is less pronounced than in merging systems. Overall, the presence of a bar
correlates with higher SFRs in both environments, but the effect is stronger in mergers. This supports
the hypothesis that bars act as internal drivers of SF, and their influence is amplified when coupled
with external perturbations (Saintonge et al. 2012; Fraser-McKelvie et al. 2021). The consistent offset
between barred and non-barred distributions across environments highlights the structural role of

bars in regulating galaxy evolution.
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Breaking the barred and non-barred mergers down into annular SFR regions, Figure 5.12 shows
that barred mergers exhibit elevated SF across the central regions, with the inner and mid zones show-
ing particularly strong peaks compared to the outer regions. The inner region hasa medianlog,,(SFR) ~
—1.39 compared to —1.32 for non-barred mergers, while the mid region shows a median oflog, , (SFR) ~
—1.44 in barred and —1.33 in non-barred mergers. These values highlight the concentrated central ac-
tivity in both cases, but with barred systems slightly more suppressed in the mid annulus, consistent

with bar-driven inflows focusing gas towards the galaxy centre.

Figure 5.12: KDE of annular SFR distributions across four radial zones: Inner (blue), Mid (green), Outer (or-
ange) and Outer 2 (red); for barred (solid) and non-barred (dashed) merging galaxies. Vertical dashed lines

indicate median values. Barred mergers show enhanced central activity, consistent with bar-driven inflows.

Figure 5.13: KDE of annular SFR distributions across four radial zones for barred (solid) and unbarred (dashed)
isolated galaxies. Vertical dashed lines indicate median values. Bars modestly enhance central SF in isolation, but
their impact is less pronounced than in mergers.

In the outer disk, barred mergers have a median of log;,(SFR) ~ —2.02 compared to —1.92 for

non-barred systems, and the outer 2 annulus the medians converge at log; ,(SFR) ~ —3.01 and -3.16
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respectively. This pattern indicates that while bars help channel gas inward, they may reduce SF effi-
ciency in the outskirts relative to non-barred mergers.

Although non-barred mergers show slightly higher median SFRs in most individual annuli, the
global distribution reveals the opposite trend: barred mergers have a higher overall median (log, , (SFR)
—0.6 vs log,,(SFR) ~ —0.9). This apparent discrepancy arises because the global median reflects the
integrated distribution across all regions, where central inflows in barred systems produce a sharper
peak and reduce the prevalence of low-SFR galaxies. Thus, bars amplify the total star-forming re-

sponse to mergers even if their annular medians appear lower in isolation.

5.5 Multi-Factor Effects

Literature suggests that SF in merging galaxies is not controlled by a single phenomenon, but instead
arises from the interplay of multiple factors, including pair separation (Ellison et al. 2008; Scudder
et al. 2012), mass ratio (Lambas et al. 2012), morphological structure (Saintonge et al. 2012; Fraser-
McKelvie et al. 2021), gas inflows and feedback (Mihos and Hernquist 1996; Springel et al. 2005;
Hopkins et al. 2013a), and environmental context (Schaefer et al. 2017; Oh et al. 2019).

While disentangling all potential factors and scenarios is outside the scope of this thesis, examining
the combined influence of several key factors provides a minimal but useful framework for under-

standing how different mechanisms interact to shape SFR in mergers.

5.5.1 Interaction Morphology

Merging galaxies were classified based on the visually observed presence of interaction features, such as
mergers (two systems that are very close to one another, almost a single system), interactions (galaxies
that show signs of disturbance but are still individual galaxies), or shells/asymmetries (galaxies classi-
fied with shells or asymmetries, including merger remnants), using the SAMI Morphology Catalogue
(Tuntipongetal. 2024). If a galaxy showed evidence of one or more interaction features, it was marked
as “Any Interaction”. Galaxies with no noted features were marked as “None”. Individual plots were
generated to highlight the regional differences of each merger category as separation between the pairs
increased, as outlined in Figure 5.14.

Systems classified as showing no visual features exhibited a steady decline in SF across all regions
as pair separation increased. This decline is most uniform in the inner three regions, while SF in the
outermost annulus decreased at a far slower rate. In contrast, the sSFR displayed a marked increase in
the outermost region. This reflects the low stellar mass in the outskirts, as discussed in Section 5.2,
even modest SF produces a high specific rate when normalised by mass.

The mid region (0.5 - 1.0 r/R,) hosts the highest overall SFR and sSFR in this sub-group. This
contrasts with the mergers vs separation plot in Figure 5.6, where the innermost region dominated.
The difference arises because galaxies without visible interaction features lack the tidal torques and gas
inflows mergers generate, which are known to funnel material into the central kpc and ignite nuclear
starbursts (e.g. Ellison et al. 2011; Sparre et al. 2022). In the absence of such inflows, star-forming gas

remains distributed across the disk, with the mid-region acting as the most efficient site of SF.
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Figure 5.14: Scatter plots showing the relationship between projected pair separation and SF activity across four
radial zones: Inner (purple), Mid (blue), Outer (green), and Outer 2 (orange); for galaxies classified by interac-
tion morphology. Left column: log,, (SFR); right column: log, ; (sSFR). Each row corresponds to a different
interaction class: None, Merger, Interaction, and Shells/Asymmetries. Systems with no visible features show
a steady decline in SFR with separation, while Mergers exhibit strong central suppression at larger distances.
Interacting galaxies display rising central and mid-disk activity at close separations, with outer disk bursts pre-
ceding nuclear inflows. Shells and asymmetries show uniform decline across all regions, consistent with fading

post-merger activity.
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Galaxies classified as undergoing a merger show a pronounced decline in SF with increasing pair sep-
aration, but the rate of change is strongly region-dependent. The innermost zone exhibits the steepest
drop, with both SFR and sSFR falling rapidly as distance grows. This behaviour reflects the physical
role of mergers in driving gas inflows. At small separations, tidal torques funnel material into the cen-
tral regions, producing elevated SF. As the galaxies move further apart, those inflows weaken, leaving
the central reservoir depleted and causing a relative decline in activity. The parallel drop in sSER high-
lights that central stellar mass is large, so once inflows subside, even modest reductions inSFR translate
into a significant fall in specific SFRs. In contrast, the outer regions decline more gradually, consistent
with residual SF persisting in the disk even as the merger-driven central burst fades. As with galaxies
lacking visible interaction features, the merger class shows an increase in sSFR in the very outer re-
gions. This reflects the combination of a slower decline in absolute SFR and the low stellar mass of
the outer disk, which together amplify the specific rate when normalised by mass.

Interacting class galaxies show a distinctive pattern of both SFR and sSFR across regions as pair sep-
aration increases. In terms of SFR, both the inner and mid regions exhibit rising trends, suggesting
that interactions after the first pass are more likely to stimulate SF in the central and mid-disk zones.
The outer region remains relatively stable, while the outer 2 annulus shows a sharp incline as the pair
draws closer together, indicating a burst of SF activity in the outermost disk as the galaxies move closer
together. This pattern indicates that during the initial approach of interacting pairs, the outer disk ex-
periences a transient burst of SF. As the systems move past one another and begin to separate, tidal
forces redistribute gas inward, fuelling central activity while outer disk formation subsides. This se-
quence differs from the merger class, where inflows dominate the nuclear region from the outset.

The sSFR trend reveals a more nuanced picture. The innermost region shows a slight decline in
sSFR, despite rising SFR. This reflects the fact that sSFR is normalised by the total stellar mass of
the galaxy. The central regions contribute disproportionately to the overall mass budget, meaning
increases in nuclear SF translate into smaller relative changes in sSSFR compared to the outskirts. In
contrast, the mid region shows a clear increase in sSFR, and the outer region again remains relatively
unchanged, suggesting more efficient SF relative to mass in these zones. The outer 2 region again
increases sharply at smaller separations, mirroring the SFR trend and highlighting that interactions
compress gas inward while sustaining activity in the outskirts. As galaxies approach, modest SF in the
low-mass outer disk translates into a spike in both SFR and sSFR, whereas the inner nuclear region
shows a decline in sSFR because its larger stellar mass dilutes the specific rate.

Galaxies classified as exhibiting shells or asymmetries show SF behaviour that closely parallels the
global mergers vs separation trend seen in Figure 5.6. Across all regions, both SFR and sSFR decline
steadily as separation increases. The innermost region experiences the sharpest drop, though only
marginally greater than the mid and outer zones. The outer annulus decreases more slowly, likely
reflecting the persistence of structural features that help retain or redistribute gas in the outskirts.
Notably, this is the only subgroup in which sSFR mirrors SFR almost exactly, suggesting that the
relative efficiency of SF scales directly with the absolute rate in these systems. This alignment implies
that shells and asymmetries do not significantly alter the balance between stellar mass and SF, but

instead act as signatures of fading interaction-driven activity across the disk.
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CHAPTER 6: DISCUSSION AND
CONCLUSIONS

The comparison of global SFRs between interacting and isolated galaxies demonstrates a clear en-
hancement in mergers. Both total SFR and sSFR distributions are shifted upwards in interacting sys-
tems, with statistical tests confirming that these populations are unlikely to be drawn from the same
parent distribution. This establishes mergers as a key driver of elevated SF activity, consistent with
the broader literature on merger-induced starbursts (Villumsen 1982; Darg et al. 2010a; Moreno et al.
2015; Oh et al. 2019; Mesa et al. 2021).

The physical mechanisms underlying this enhancement are well understood. Gravitational torques
during interactions funnel gas into the central regions, compressing it and triggering nuclear starbursts
(Barnes and Hernquist 1991; Mihos and Hernquist 1996; Springel et al. 2005; Hopkins et al. 2013b;
Kewley et al. 2006). At the same time, tidal forces redistribute gas across the disk, producing extended
star-forming regions that contribute to elevated global SFRs (Schmidt et al. 2013; Moreno et al. 2015;
Thorp et al. 2019; Moreno et al. 2021; Sparre et al. 2022). The radial analysis (Chapter 5) reinforces
this picture: interacting galaxies show enhanced SF at all fractional radii, with the strongest activity
in the nucleus, but also a bump in the outskirts. This suggests that while central inflows dominate
the enhancement, a subset of systems experience significant SF in tidal arms or outer disks, where
disturbed gas reservoirs remain available for collapse.

Together, these results highlight two complementary mechanisms; central inflows and compres-
sion, which drive nuclear starbursts, and tidal redistribution of gas, which sustains SF in outer regions.
The balance between these processes likely depends on stellar mass, pair separation, mass ratio, and

morphology, factors explored in the subsequent sections.

6.1 Stellar Mass

The results align with broad evidence for centrally concentrated stellar mass and inside-out growth
in disk galaxies, where mass and old stellar populations are weighted towards the inner regions and
profiles steepen at large radii (White and Rees 1978; Kennicutt 1998; Pérez et al. 2013; Tacchella et al.
2015). The near-identical inner and mid distributions between mergers and isolated systems suggest
that typical interactions do not dramatically reshape stellar mass profiles within < 3 R,, consistent
with the expectation that stellar mass is comparatively stable on merger timescales. Instead, merg-
ers appear to produce modest enhancements in stellar mass across all annuli, reflecting accretion of

companion material and the cumulative effect of triggered SF. This interpretation is consistent with
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Medling et al. (2018), who, using SAMI data, demonstrated that central stellar mass surface density
is a key predictor of quenching. Galaxies with elevated central densities show suppressed nuclear SF,
while those on the SFMS retain centrally concentrated activity. Together, these findings reinforce the
view that stellar mass regulates sSFR, with mergers acting as a catalyst that boosts activity across the
disk without erasing the underlying inside-out growth signature.

The regression fits reinforce this interpretation. Both interacting and isolated galaxies show positive
correlations between stellar mass and SFR, with the steepest slopes in the inner regions. This reflects
the natural concentration of gas and stellar mass in galactic centres, where gravitational potential wells
are deepest and sSFR is highest (Chien 2010; Bournaud 2011; Ellison et al. 2013; McElroy et al. 2022;
Das et al. 2023). The declining slopes with the radius highlight the reduced capacity of outer disks
to sustain SF, consistent with the lower gas densities and longer dynamical timescales at larger radii
(Moreno et al. 2015; Thorp et al. 2019; Moreno et al. 2021; Sparre et al. 2022). The anti-correlation
between stellar mass and sSFR further indicates that while massive galaxies form more stars in absolute
terms, their relative efficiency declines, pointing to the increasing dominance of mass growth over
ongoing SF in the high-mass regime.

Taken together, these results suggest that mergers amplify existing mass-dependent trends rather
than fundamentally altering them. Central regions remain the primary sites of SF, but mergers pro-
vide a modest boost across the disk by redistributing gas and triggering additional SF. The similar-
ity of stellar mass profiles between mergers and isolated systems underscores that the enhancement
is primarily in SF activity, not in the underlying stellar mass distribution. This distinction is impor-
tant: mergers elevate SFRs without erasing the inside-out growth signature, implying that the physical
mechanisms at play are short-term gas inflows and tidal perturbations rather than wholesale restruc-

turing of stellar mass.

6.2 Pair Separation

Pair separation provides a complementary lens through which to interpret the radial SF trends ob-
served in this thesis. Defined as the projected distance between companions, separation captures the
strength of tidal interactions, even though it does not uniquely define merger stage. Despite this lim-
itation, the results demonstrate that proximity is a strong modulator of SF, with the most significant
enhancements occurring at the smallest separations.

Galaxies in the closest pairs show the highest SFRs and efficiencies, while systems at wider sepa-
rations exhibit progressively lower activity. The strongest declines are observed in nuclear regions,
confirming that central SF is most sensitive to tidal proximity. Mid-disk regions also show measurable
declines, though weaker, while the outer annuli display only faint or absent correlations. This radial
gradient highlights that separation-dependent modulation is strongest in the centre and diminishes
outward.

Physically, this pattern is consistent with gravitational torques funnelling gas inward as galaxies ap-
proach, compressing clouds and triggering nuclear starbursts (Barnes and Hernquist 1991; Hopkins
et al. 2013b). Simulation studies further support this view, with Moreno et al. (2015) demonstrating

that close pairs experience the strongest enhancements, particularly in their central regions, with or-
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bital geometry further shaping the distribution of activity. At the same time, tidal forces redistribute
gas into extended disks, sustaining modest SF efficiency in the outskirts even as absolute rates decline
(Moreno etal. 2015, 2021; Sparre et al. 2022).

Additional processes modulate these trends. Shocks and turbulence generated during close inter-
actions can destabilise star-forming regions, while ram-pressure stripping removes gas from the outer
disk, suppressing efficiency. Observational studies confirm these mechanisms, with cluster mergers
and pair samples showing turbulence, stripping and quenching (Schaefer et al. 2017; Oh et al. 2019;
Thorp etal. 2019; Mesa et al. 2021). Simulation work likewise demonstrates that shocks, inflows, and
turbulence destabilise star-forming regions and redistribute gas (Barnes and Hernquist 1991; Springel
et al. 2005; Teyssier et al. 2010; Hopkins et al. 2013b; Moreno et al. 2015, 2021; Sparre et al. 2022).

This framework aligns with inside-out quenching models, where central suppression is linked to
compaction and morphological transformation (Tacchella et al. 2015; Lin et al. 2019; Ellison et al.
2022). Mergers act as a catalyst in this process, driving gas inflows and promoting bulge growth, in-
teractions accelerate central quenching while simultaneously redistributing gas into extended regions.
In this way, proximity directly regulates the balance between central enhancement and peripheral
quenching. Close pairs show strong nuclear starbursts, while wider pairs sustain modest efficiency
in the outskirts.

The weak or absent sSFR correlations in the outer regions reflect the relative scaling with stellar
mass. Although absolute SF declines with increasing separation, reduced stellar mass in the outskirts
means efficiency per unit mass can remain steady. This interpretation is consistent with the SAMI
evidence that nuclear SF is most sensitive to separation, while outer regions show weaker or absent
correlations (Schaefer et al. 2017; Medling et al. 2018).

Taken together, these results demonstrate that proximity plays a key role in modulating SF. As
galaxies approach, gravitational forces distort stellar and gas distributions, driving inflows of cold gas
toward the centre and triggering nuclear starbursts. At the same time, shocks, turbulence, and strip-
ping suppress activity in the outskirts, producing a dynamic interplay between central enhancement

and peripheral quenching.

6.3 Mass Ratio

Having established how interaction strength, as traced by projected separation, influences SF activity,
I next examined the role of mass ratio between merging galaxies. This complementary measure dis-
tinguishes whether interactions are balanced by major mergers, asymmetric minor mergers, or more
extreme dwarf mergers and satellite accretions, and provides further insight into how the relative mass
of companions shapes SF outcomes.

The results show that minor mergers drive the strongest global SF enhancements, with significantly
elevated median SFR and sSFR compared to both major and dwarf systems. Statistical tests confirm
that minor mergers form a distinct population, while major and dwarf mergers are not significantly
different from one another. This pattern is consistent with previous work demonstrating that mi-
nor interactions can be particularly effective in triggering starbursts (Woods and Geller 2007; Lambas

etal. 2012; Robotham et al. 2014; Bottrell et al. 2024). Physically, asymmetric encounters are thought
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to destabilise gas disks more effectively than equal-mass mergers, funnelling material into star form-
ing regions without fully disrupting the host structure. The lower gravitational balance allows tidal
forces to redistribute gas while leaving the primary disk intact, sustaining widespread SF rather than
concentrating activity solely in the nucleus.

Major mergers, by contrast, show broader distributions of SF, reflecting a mix of bursting and
quenching outcomes. Simulations demonstrate that while equal-mass encounters can drive strong in-
flows, they can also rapidly consume or heat central gas, leading to suppression once feedback becomes
dominant (Barnes and Hernquist 1991; Springel et al. 2005; Hopkins et al. 2013b). This explains the
wider spread of SFR values observed in major mergers, with some systems undergoing intense nuclear
starbursts and others already transitioning to quenching.

Dwarf mergers exhibit comparatively weak activity, with SF concentrated in the inner regions and
declining rapidly atlarger radii. This outcome reflects their limited gas reservoirs and shallow potential
wells, which make them more susceptible to stripping and feedback. Simulations confirm that low-
mass companions are easily disrupted, contributing stars but little sustained gas inflow to the primary
galaxy (Villumsen 1982; Teyssier et al. 2010).

Radial profiles further reinforce these differences. Minor mergers sustain enhanced SF across both
central and outer annuli, consistent with tidal redistribution of gas into extended disks and bridges
(Schmidt et al. 2013; Moreno et al. 2021; Sparre et al. 2022). The persistence of outer SF is consistent
with longer dynamical timescales at larger radii, allowing bursts to remain detectable in the statistical
distributions even after central inflows decline. Major and dwarf mergers show comparatively weaker
activity, with major showing stronger central peaks but weaker outskirts, while dwarf mergers are
dominated by nuclear activity with little extended SF.

These results suggest that mass ratio is a key regulator of merger-driven SF. Minor mergers act as
efficient catalysts, boosting activity across the disk, while major and dwarf mergers contribute only

modestly due to their limited gas supply.

6.4 Morphology

Morphology is a fundamental regulator of SF, shaping both the total activity and its spatial distribu-
tion. To assess how morphology influences SF in this sample, I combined the SAMI (Tuntipong et al.
2024) and GAMA (Kelvin et al. 2012) Morphology Catalogues. The GAMA catalogue provides ro-
bust structural classifications derived from imaging and Sérsic profile fitting (Kelvin et al. 2012; Liske
et al. 2015; Driver et al. 2016), grouping galaxies into several categories that were collated into four
primary types, as outlined in Chapter 4. The SAMI catalogue extends this framework with spatially
resolved classifications of merging systems, bars, and boxy-peanut bulges (Medling et al. 2018; Scott
etal. 2018; Fraser-McKelvie et al. 2021), enabling direct links between morphology and kinematic sig-
natures. I initially used the SAMI classification system to ensure galaxies marked in the Isolated group
were not exhibiting signs of recent or ongoing merging, consistent with previous SAMI analyses of

merger identification and bar structure (Schaefer et al. 2017; Zhou et al. 2017; Tuntipong et al. 2024).
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6.4.1 GAMA Categories

Across the three GAMA morphology groups, early-type galaxies exhibit the lowest SFRs, supporting
the literature that links spheroidal morphology to suppressed SF. This pattern is explained by inside-
out quenching, where suppressing begins in the nucleus and extends outward as galaxies age (Tacchella
et al. 2015) (also Ellison 2018 and Lin 2019). Residual activity in the outskirts is consistent with
stochastic accretion or environmental processes such as stripping and turbulence (Schaefer et al. 2017;
Ohetal. 2019), reinforcing the view that these galaxies are largely passive with only minor rejuvenation
events.

Late-type galaxies show ongoing but reduced SF, reflecting the role of extended gas reservoirs in
sustaining disk-wide activity. Their more balanced radial profiles are consistent with studies of spiral
galaxies where SF is distributed across the disk rather than concentrated in the centre (Saintonge et al.
2012; Schmidt et al. 2013; Fraser-McKelvie et al. 2021; Sparre et al. 2022). Interactions perturb these
disks, but without strong central mass concentrations, inflows remain modest and SF continues to be
spread across larger radii (Schmidt et al. 2013; Sparre et al. 2022).

Bulge-dominated galaxies stand out as the most active, with elevated SF across multiple regions.
This agrees with evidence that central mass concentration regulates efficiency and that bulges can sus-
tain nuclear activity even as galaxies evolve (Tacchella et al. 2015; Medling et al. 2018). Interactions
appear to amplify these structural tendencies, funnelling gas inward and reinforcing bulge-driven
SF (Moreno et al. 2015, 2021). The deeper potential wells and shorter dynamical times in bulge-
dominated systems make them particularly responsive to tidal torques, explaining their strong central

activity.

6.4.2  Barred and Unbarred Galaxies

Bars provide an additional structural influence. The results show that barred galaxies are more active
than their non-barred counterparts, particularly in mergers. This supports the view that bars act as
internal drivers of inflow, channelling gas toward the centre and enhancing nuclear activity, consistent
with SAMI and MaNGA studies linking bar structures to central SF (Medling et al. 2018; Scott et al.
2018; Fraser-McKelvie etal. 2021). At the same time, bars can suppress outer-disk SF by redistributing
or depleting gas reservoirs, a trend observed in kinematic analyses of barred systems (Schaefer et al.
2017; Zhou et al. 2017; Tuntipong et al. 2024).

Regionally, barred mergers show enhanced central activity, consistent with bar-driven inflows fo-
cusing gas toward the nucleus (Medling et al. 2018; Scott et al. 2018). The mid-disk often appears
relatively suppressed compared to non-barred systems, reflecting the redistribution of gas inward at
the expense of intermediate radii (Schaefer et al. 2017; Zhou et al. 2017). In the outskirts, barred
mergers show lower efficiency than non-barred systems, consistent with the depletion or stabilisa-
tion of outer reservoirs (Fraser-McKelvie et al. 2021; Tuntipong et al. 2024). Despite these regional
variations, the global SF response is stronger in barred mergers, because concentrated central activity
reduces the prevalence of low-SFR galaxies and elevates the overall distribution.

In isolated galaxies, bars produce only modest enhancements. Without external perturbations, bar

inflows operate at a steady pace, raising central activity slightly but leaving outer reservoirs largely
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intact. This weaker offset is consistent with studies showing that external tides strengthen bar-driven
inflows and amplify their impact on SF (Ellison et al. 2011; Fraser-McKelvie et al. 2021).

These results demonstrate that morphology sets the baseline for SF, while interactions and internal
structures such as bars modulate the distribution and efficiency. Bulges sustain central activity, disks
support extended SF, and spheroids remain quenched. Bars act as inflow channels whose impact is
magnified in mergers, redistributing gas inward and altering the balance between central and outer
activity. These findings reinforce the view that structural features regulate SF outcomes, with physical

explanations provided by both observational and simulation studies.

6.5 Multi-Factor Effects

Merger-driven SF is inherently multi-factorial. Pair separation modulates the strength of tidal inflows
(Ellison et al. 2008; Scudder et al. 2012), mass ratio shapes whether activity is widespread or nuclear
(Lambas et al. 2012), and morphology regulates both the baseline and response to external perturba-
tions (Saintonge et al. 2012; Fraser-McKelvie et al. 2021). Gas inflows and feedback further determine
whether bursts are sustained or quenched (Mihos and Hernquist 1996; Springel et al. 2005; Hopkins
et al. 2013a), while environmental processes such as stripping and turbulence add additional com-
plexity (Schaefer etal. 2017; Oh et al. 2019). The interplay of these mechanisms is more complex than
the scope of this thesis, but the results presented here provide a foundation for disentangling their
combined influence.

In summary, this thesis has demonstrated that galaxy interactions consistently elevate SF, with the
strongest enhancements in nuclear regions, but measurable effects across extended disks. By disentan-
gling the individual roles of stellar mass, pair separation, mass ratio, and morphology, I have shown
that mergers amplify existing structural trends rather than erase them, producing a nuanced balance
between central inflows and tidal redistribution. These results provide spatially resolved evidence that
interactions are a key driver of galaxy growth and transformation, while also highlighting the impor-
tance of internal structures such as bulges and bars in modulating outcomes. Together, these findings
reinforce the view that mergers are not uniform events, but complex processes whose impact depends

on multiple, interlinked factors.

6.6 Future Work

Building on this foundation, future work will extend the radial analysis to larger and more diverse
samples, particularly through the Hector survey, which ofters broader wavelength coverage and higher
spectral resolution. This will enable more precise measurements of kinematics and SF across environ-
ments, testing whether the trends identified here hold universally. Further refinement of merger stage
classifications, integration of morphological substructures such as bars and bulges, and incorporation
of multi-wavelength tracers will help disentangle the timing and drivers of starburst and quenching
phases. These directions will advance toward a comprehensive picture of how galaxies assemble, trans-

form, and quench through cosmic time.
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APPENDIX A:

The following pages contain additional plots, graphs, and tables for the results found in Chapter S.
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A.1  Mergers vs Isolated Global

Figure A.2: Distribution of specific SFR per

Figure A.1: Distribution of total SFR per galaxy qalaxy

Table A.1: Comparison of mergers vs isolated (mass-matched) galaxies using KS and MWU tests

Metric ~ KSstatistic  KS p-value MWU statistic  MWU p-value
logSFR 0.1043 0.00382 177852.0 0.001967
logSSFR 0.1352 5.54e-05 181598.0 0.0001607

A.2 Radial Bin

Figure A.3: Distribution of total SFR per galaxy - Figure A.4: Distribution of specific SFR per
Radial binning galaxy - Radial binning

Figure A.S: Distribution of SFR surface density Figure A.6: Distribution of SFR surface density
per galaxy - merging galaxies per galaxy - isolated galaxies

70



Table A.2: Comparison of mergers vs isolated (mass-matched) galaxies using KS and MWU tests

Metric KS statistic  KS p-value MWU statistic  MWU p-value
logSFR 0.1043 0.00382 177852.0 0.001967
lOgSSFR 0.1352 5.54e-05 181598.0 0.0001607

Table A.3: KS and MWU test results for radial bin comparisons of SFR and sSFR

Comparison Metric Dpn1 Ny KSp-value MWU p-value
Inner (0-0.5 kpc) vs Mid (0.5-1.0 kpc) logSFR 379 468  1.42¢-22 9.29¢-25
Inner (0-0.5 kpc) vs Outer (1.0-2.0 kpc) logSFR 379 535 2.46e-42 6.23e-45
Inner (0-0.5 kpc) vs Outer2 (2.0-3.0 kpc) logSFR 379 574  2.71e-33 9.38¢-36
Mid (0.5-1.0 kpc) vs Outer (1.0-2.0 kpc) logSFR 468 535 6.25¢-07 1.77¢-08
Mid (0.5-1.0 kpc) vs Outer2 (2.0-3.0kpc) ~ logSFR 468 574  1.45e-04 4.26e-04
Outer (1.0-2.0 kpc) vs Outer2 (2.0-3.0 kpc) logSFR 535 574 9.45¢-02 4.32¢-02
Inner (0-0.5 kpc) vs Mid (0.5-1.0 kpc) logSSFR 379 468  1.13e-44 7.25¢-45
Inner (0-0.5 kpc) vs Outer (1.0-2.0 kpc) logSSFR 379 535 1.62¢-84 2.47e-64
Inner (0-0.5 kpc) vs Outer2 (2.0-3.0 kpc) logSSFR 379 574 9.09¢-67 2.09e-52
Mid (0.5-1.0 kpc) vs Outer (1.0-2.0 kpc) logSSFR 468 535  7.05e-14 4.71e-13
Mid (0.5-1.0 kpc) vs Outer2 (2.0-3.0kpc) ~ logSSFR 468 574  9.51e-07 3.67¢-05
Outer (1.0-2.0 kpc) vs Outer2 (2.0-3.0 kpc) 1ogSSFR 535 574 8.39e-03 1.59¢-03
Table A.4: KS and MWU test results for radial bin comparisons (Mergers only)
Comparison Metric N1 Npinz  KSp-value MWU p-value
Inner (0-0.5 kpc) vs Mid (0.5-1.0 kpc) logSFR 379 468  1.42¢-22 9.29¢-25
Inner (0-0.5 kpc) vs Outer (1.0-2.0 kpc) logSFR 379 535 2.46e-42 6.23¢-45
Inner (0-0.5 kpc) vs Outer2 (2.0-3.0 kpc) logSFR 379 574 2.71e-33 9.38¢-36
Mid (0.5-1.0 kpc) vs Outer (1.0-2.0 kpc) logSFR 468 535 6.25¢-07 1.77¢-08
Mid (0.5-1.0 kpc) vs Outer2 (2.0-3.0 kpc)  logSFR 468 574  1.45e-04 4.26e-04
Outer (1.0-2.0 kpc) vs Outer2 (2.0-3.0 kpc)  logSFR 535 574 9.45e-02 4.32e-02
Inner (0-0.5 kpc) vs Mid (0.5-1.0 kpc) SigmaSFR 379 468  1.02¢-03 6.44¢-04
Inner (0-0.5 kpc) vs Outer (1.0-2.0 kpc) SigmaSFR 379 535  2.01e-02 7.45e-01
Inner (0-0.5 kpc) vs Outer2 (2.0-3.0 kpc) SigmaSFR 379 S74  3.02¢-09 2.67¢-09
Mid (0.5-1.0 kpc) vs Outer (1.0-2.0 kpc) SigmaSFR 468 535 1.94e-03 2.01e-04
Mid (0.5-1.0 kpc) vs Outer2 (2.0-3.0 kpc) ~ SigmaSFR 468 574  1.12¢-13 1.51e-19
Outer (1.0-2.0 kpc) vs Outer2 (2.0-3.0 kpc) ~ SigmaSFR 535 574 3.61e-05 4.49¢-08
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Table A.5: KS and MWU test results for radial bin comparisons (Isolated only)

Comparison Metric D1 Npinz  KSp-value MWU p-value
Inner (0-0.5 kpc) vs Mid (0.5-1.0 kpc) logSFR 497 534 4.54e-03 6.15¢-03
Inner (0-0.5 kpc) vs Outer (1.0-2.0 kpc) logSFR 497 513 9.55e-21 3.05e-22
Inner (0-0.5 kpc) vs Outer2 (2.0-3.0 kpc) logSFR 497 6 1.62¢-08 4.71e-09
Mid (0.5-1.0 kpc) vs Outer (1.0-2.0 kpc) logSFR 534 513 1.84e-10 6.08e-15
Mid (0.5-1.0 kpc) vs Outer2 (2.0-3.0 kpc) ~ logSFR 534 6 1.67¢e-12 3.82¢-12
Outer (1.0-2.0 kpc) vs Outer2 (2.0-3.0 kpc)  logSFR 513 6 1.37e-06 1.80e-06
Inner (0-0.5 kpc) vs Mid (0.5-1.0 kpc) SigmaSFR 497  S34  2.44e-17 6.6%-22
Inner (0-0.5 kpc) vs Outer (1.0-2.0 kpc) SigmaSFR 497 513 1.67¢-80 6.26€-95
Inner (0-0.5 kpc) vs Outer2 (2.0-3.0 kpc) SigmaSFR 497 6 2.57e-12 2.75e-12
Mid (0.5-1.0 kpc) vs Outer (1.0-2.0 kpc) SigmaSFR 534 513 7.91e-41 7.36e-56
Mid (0.5-1.0 kpc) vs Outer2 (2.0-3.0 kpc) ~ SigmaSFR 534 6 5.97e-14 5.97e-14
Outer (1.0-2.0 kpc) vs Outer2 (2.0-3.0 kpc)  SigmaSFR 513 6 3.98e-07 3.53e-07

Table A.6: KS and MWU test results for mergers vs isolated galaxies across radial bins

Comparison Metric Noergers  Nisolaed  KS p-value  MWU p-value
Mergers vs Isolated (Inner 0-0.5 kpc) logSFR 379 497 1.60e-39 5.15e-45
Mergers vs Isolated (Mid 0.5-1.0 kpc) logSFR 468 534 1.28e-02 3.87¢-03
Mergers vs Isolated (Outer 1.0-2.0 kpc) ~ logSFR 535 513 1.26e-21 4.09¢-22
Mergers vs Isolated (Outer2 2.0-3.0 kpc)  logSFR 574 6 2.31e-08 4.13e-09
Mergers vs Isolated (Inner 0-0.5 kpc) SigmaSFR 379 497 1.60e-39 5.15e-45
Mergers vs Isolated (Mid 0.5-1.0 kpc) SigmaSFR 468 534 1.28¢e-02 3.87¢-03
Mergers vs Isolated (Outer 1.0-2.0kpc) ~ SigmaSFR 535 513 1.26e-21 4.09e-22
Mergers vs Isolated (Outer2 2.0-3.0 kpc)  SigmaSFR 574 6 2.31e-08 4.13e-09

A.3  Separation

Figure A.7: Distribution of total SFR per galaxy - Figure A.8: Distribution of specific SFR per
Pair Separation galaxy - Pair Separation
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Table A.7: Global comparison of mergers vs isolated galaxies

Comparison ~ Metric  n-merg n-iso  KSp-value MWU p-value
Global logSFR 601 535  0.003820 0.001967
Global IOgSSFR 601 535 0.000055 0.000161

Table A.8: Radial separation comparisons of mergers vs isolated galaxies

Comparison Metric  nl n2 KSp-value MWU p-value
0-25kpcvs25-50kpc  logSFR 51 27 0219308  0.182246
0-25 kpc vs 50-75 kpc logSFR 51 45 0.116342 0.078056
0-25 kpc vs 75-100 kpc logSFR 51 50  0.000399 0.000059
25-50 kpc vs S0-75 kpc logSFR 27 45  0.505325 0.962891
25-50kpc vs 75-100kpc  logSFR 27 50  0.088744 0.043078
50-75kpcvs 75-100kpc  logSFR 45 50  0.058579 0.042245
0-25 kpc vs 25-50 kpc logSSFR 51 27 0.094488 0.044850
0-25 kpc vs 50-75 kpc logSSFR 51 45  0.004736 0.001404
0-25 kpc vs 75-100 kpc logSSFR 51 50 0.004466 0.000377
25-50kpcvs S0-75kpec  logSSFR 27 45  0.606690 0.311561
25-50 kpc vs 75-100 kpc  logSSFR 27 50  0.469101 0.221590
50-75kpc vs 75-100kpe  logSSFR 45 S0 0.963583  0.831774

A.4 Barvs No Bar

Figure A.9: Distribution of total SFR per galaxy - Figure A.10: Distribution of specific SFR per
Barred vs Unbarred galaxy - Barred vs Unbarred

Table A.9: Comparison of barred vs non-barred galaxies - Global

Comparison Metric  n-barred n-nobar KS p-value MWU p-value
Barred vs No Bar  logSFR 263 338 0.000042 0.000028
Barred vs No Bar  logSSFR 263 338 0.007732 0.013865
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Table A.10: KS and MWU test results for barred vs non-barred merger galaxies across radial regions

Region  Metric  n-barred n-nobar  KSstat  KSp-value MWUstat MWU p-value

Inner logSER 236 313 0.053284  0.813594 37312.0 0.837445
Inner logSSFR 236 313 0.077530  0.369139 35674.0 0.493654
Mid logSER 251 319 0.059062  0.681716 38850.0 0.544126
Mid logSSFR 251 319 0.069540  0.477487 37946.0 0.284745
Outer logSER 218 291 0.045383  0.945432 31942.0 0.892211
Outer  logSSFR 218 291 0.049718  0.897490 30827.0 0.587171
Outer2  logSFR 91 126 0.099512  0.628385 6057.0 0.478442
Outer2  logSSFR 91 126 0.114774  0.449547 6024.0 0.524447

Table A.11: KS and MWU test results fpr barred vs non-barred isolated galaxies across radial regions

Region  Metric  n-barred n-nobar KSp-value MWU p-value

Inner logSFR 218 280 0.017333 0.045832
Inner logSSFR 218 280 0.021865 0.005612
Mid logSFR 225 279 0.003813 0.002193
Mid logSSFR 225 279 0.129958 0.070381
Outer logSFR 199 249 0.051210 0.011404
Outer logSSFR 199 249 0.078000 0.173323
Outer2  logSFR 64 124 0.161428 0.179553
Outer2  logSSFR 64 124 0.184427 0.074065

A.5 Merger Ratio

Figure A.11: Distribution of total SFR per galaxy Figure A.12: Distribution of specific SFR per
- Merger Ratio Class galaxy - Merger Ratio Class
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Table A.12: KS and MWU test results for merger ratio class comparisons

Metric Class1 Class2 nl n2 KSp-value MWU p-value
logSFR Major ~ Minor 34 13 0.003602 0.006948
logSFR Major ~ Dwarf 34 19  0.923878 0.649537
logSFR Major  Satellite Accretion 34 1 0.971429 0.971429
logSFR Minor Dwarf 13 19 0.016956 0.041994

logSFR Minor  Satellite Accretion 13 1 0.428571 0.428571
logSFR Dwarf  Satellite Accretion 19 1 0.900000 0.900000

logSSFR Major ~ Minor 34 13 0.218057 0.186857
logSSFR Major  Dwarf 34 19 0.079522 0.046172
logSSFR Major  Satellite Accretion 34 1 0.057143 0.057143
logSSFR Minor Dwarf 13 19 0.011059 0.002144

logSSFR Minor  Satellite Accretion 13 1 0.142857 0.142857
logSSFR Dwarf  Satellite Accretion 19 1 0.100000 0.100000

Table A.13: KS and MWU test results for merger classes across radial regions (Satellite Accretion excluded due
to insufficient numbers)

Merger Class  Metric Region1l Region2 nl n2 KSp-value MWU p-value

Major logSFR  Inner Mid 31 31 0.823454 0.592660
Major logSFR  Inner Outer 31 28 0.039863 0.079564
Major logSFR  Inner Outer2 31 11 0.000076 0.000224
Major logSFR  Mid Outer 31 28 0.039863 0.005101
Major logSFR  Mid Outer2 31 11 0.000036 0.000014
Major logSFR Outer Outer2 28 11  0.020472 0.002111
Major logSSFR  Inner Mid 31 31 0.413545 0.499186
Major logSSFR  Inner Outer 31 28 0.173014 0.079564
Major logSSFR  Inner Outer2 31 11 0.001602 0.001355
Major logSSFR Mid Outer 31 28 0.050314 0.024187
Major logSSFR Mid Outer2 31 11 0.000392 0.000313
Major logSSFR Outer Outer2 28 11 0.100618 0.047502
Minor logSFR  Inner Mid 11 11 0.832588 0.843831
Minor logSFR  Inner Outer 11 10 0.523787 0.378738
Minor logSFR  Inner Outer2 11 4 0.063004 0.039560
Minor logSFR  Mid Outer 11 10 0.258610 0.341786
Minor logSFR  Mid Outer2 11 4 0.021978 0.017582
Minor logSFR Outer Outer2 10 4 0.409590 0.187812
Minor logSSFR  Inner Mid 11 11 0.832588 1.000000
Minor logSSFR  Inner Outer 11 10 0.523787 0.597406
Minor logSSFR  Inner Outer2 11 4  0.098168 0.055678
Minor logSSFR Mid Outer 11 10 0.607514 0.418052

Continued on next page
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Table A.13 — continued from previous page

Merger Class  Metric Region1 Region2 nl n2 KSp-value MWU p-value

Minor logSSFR Mid Outer2 11 4  0.035165 0.077656
Minor logSSFR Outer Outer2 10 4 0.259740 0.239760
Dwarf logSFR Inner Mid 14 14  0.999592 0.872238
Dwarf logSFR  Inner Outer 14 13 0.145759 0.076527
Dwarf logSFR Inner Outer2 14 4  0.071895 0.232680
Dwarf logSFR  Mid Outer 14 13  0.288792 0.166666
Dwarf logSFR  Mid Outer2 14 4 0.141176 0.232680
Dwarf logSFR  Outer Outer2 13 4 0.704202 0.623529
Dwarf logSSFR  Inner Mid 14 14 0.635485 1.000000
Dwarf logSSFR  Inner Outer 14 13  0.012633 0.034782
Dwarf logSSFR  Inner Outer2 14 4  0.141176 0.277124
Dwarf logSSFR Mid Outer 14 13 0.077703 0.068800
Dwarf logSSFR Mid Outer2 14 4  0.141176 0.277124
Dwarf logSSFR Outer Outer2 13 4 0.294118 0.295798

A.6  Morphology

Figure A.13: Distribution of total SFR per galaxy Figure A.14: Distribution of specific SFR per
- Morphology galaxy - Morphology

Table A.14: KS and MWU test results for morphology groups across radial regions - Mergers vs Isolated com-
parison

Morphology Group Region Metric ~ n-merg n-iso KS p-value MWU p-value

BD Inner  logSFR 283 309  0.534564 0.246713
BD Inner  logSSFR 283 309  0.049791 0.125843
BD Mid logSFR 299 315 0.550877 0.229688
BD Mid logSSFR 299 31S  0.219323 0.444742
BD Outer  logSFR 259 276 0.795192 0.861170
BD Outer  logSSFR 259 276 0.034048 0.035140

Continued on next page
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Table A.14 — continued from previous page

Morphology Group Region Metric ~ n-merg n-iso KS p-value MWU p-value

BD Outer2 logSFR 116 116  0.676332 0.734284

BD Outer2 logSSFR 116 116 0.784163 0.487971
D Inner logSFR 146 157 1.40e-07 3.82¢-08
D Inner logSSFR 146 157 5.33e-04 1.09¢-03
D Mid logSFR 152 155 7.06e-07 1.09¢-06
D Mid logSSFR 152 155 7.28e-03 8.71e-02
D Outer  logSFR 142 138 7.87e-04 2.53e-04
D Outer  logSSFR 142 138 2.09¢-01 8.51e-01
D Outer2 logSFR 58 52 4.24e-03 1.37¢-03
D Outer2 logSSFR 58 52 6.09¢-01 9.88¢-01
Unclassified Inner  logSFR 107 23 0.886835 0.941638
Unclassified Inner  logSSFR 107 23 0.574468 0.541797
Unclassified Mid logSFR 106 25 0.720871 0.679662
Unclassified Mid logSSFR 106 25 0.267836 0.164209
Unclassified Outer  logSFR 96 24 0.628313 0.480632
Unclassified Outer  logSSFR 96 24 0.133083 0.086226
Unclassified Outer2 logSFR 37 11 0.204939 0.128297
Unclassified Outer2 logSSFR 37 11 0.886213 0.787292
E Inner logSFR 13 9 0.839685 1.000000
E Inner logSSFR 13 9 0.640135 0.504274
E Mid logSFR 13 9 0.723650 0.640181
E Mid logSSFR 13 9 0.556415 0.504274
E Outer  logSFR 12 10 0.557718 0.448279
E Outer  logSSFR 12 10 0.557718 0.766679
E Outer2 logSFR 6 9 0.408392 0.606993
E Outer2 logSSFR 6 9 0.779421 0.455944
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