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Abstract 

J1407b, often called “Super Saturn,” is a proposed exoplanet notable for its enormous ring system, 

possibly the largest known around a planet. This paper reviews current observations and published studies 

to examine the system’s formation, structure, stability, and scientific importance. It focuses on the unusual 

56-day eclipse recorded by the SuperWASP survey in 2007, during which the host star showed complex 

brightness variations, leading astronomers to propose a vast circumplanetary ring system. The study 

discusses circumplanetary disks, the Hill radius, the Roche limit, and the influence of orbital motion on 

long-term ring stability. It also explores whether gaps within the rings may have been created by forming 

exomoons, making J1407b a valuable candidate for studying satellite formation around young giant 

planets. Although only one transit has been observed and the companion remains undetected directly, 

future observations may clarify its nature and improve understanding of early planetary and moon 

formation processes. 
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Chapter 1: Introduction 

1.1 Background of the Study 

Ever since Christiaan Huygens discovered Saturn's rings 55, astronomers have been hooked on studying 

cosmic ring systems. In our own celestial backyard, the gas giants Saturn, Jupiter, Uranus, and Neptune 

all show off unique ring networks made of billions of ice, rock, and dust particles that vary wildly in size, 

brightness, and makeup. Saturn’s rings are the ultimate classic example, giving us a perfect natural 

laboratory to study gravitational pull, shepherd moons, and how ancient space debris behaves. But 

recently, things got even more interesting: we discovered rings around non-planetary objects, like the 

centaur Chariklo (Braga-Ribas et al., 2014) and the dwarf planet Haumea (Ortiz et al., 2017). This proved 

that ring structures are actually everywhere in space, surviving across all kinds of unexpected cosmic 

environments and gravitational scales. 

Knowing this, likely, planetary rings aren't just a quirky feature of our own Solar System, but rather a 

standard part of how planets are built across the galaxy. As technology for hunting exoplanets has gotten 

better, scientists have started looking past our neighborhood for signs of "exo-rings" orbiting distant 

worlds. A breakthrough came with the discovery of a massive, incredibly complex ring system around a 

young exoplanet called J1407b (Mamajek et al., 2012). This finding confirmed that these disks can survive 

and scale up to mind-boggling sizes in other star systems, sometimes stretching across millions of 

kilometers. By studying these distant ring systems, astrophysicists can get a front-row seat to the earliest 

stages of moon formation and the wild environments surrounding newborn planets, bridging the gap 

between local space science and deep-space exploration. 
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1.2 Introduction to J1407b 

The star at the center of this discovery is officially logged as 1SWASP J140747.93−394542.6, but most 

scientists just call it J1407. It is a young, infant star (a K5-type, to be precise) estimated to be only about 

16 million years old, located in the Scorpius-Centaurus OB association (van Werkhoven et al., 2014). 

Back in 2007, the Super Wide Angle Search for Planets (SuperWASP) project picked up a bizarre, 

incredibly long transit event where something blocked the star's light for a whopping 56 days (Kenworthy 

& Mamajek, 2015). This wasn't a normal eclipse; the light curve was a chaotic rollercoaster of dips and 

spikes, and at certain points, more than 95% of the starlight vanished completely (Kenworthy & Mamajek, 

2015). Because a regular round planet or star simply cannot cause that kind of drawn-out, choppy 

dimming, researchers realized there had to be a massive, highly structured companion passing in front of 

it, which they dubbed J1407b (van Werkhoven et al., 2014). 

Right now, J1407b is classified as a "substellar companion" , a bit of a gray area, because current data 

means it could be anything from a massive gas giant planet to a lightweight brown dwarf star (Zanazzi & 

Lai, 2016). To explain how a transit could drag on for 56 days and create such a jagged light curve, 

scientists modeled a structure that fits the data perfectly: a colossal ring system reaching out to a radius of 

0.6 AU (Rieder & Kenworthy, 2016). This giant ring network acts like a massive space window-blind, 

made up of dozens of individual rings separated by clean gaps where new exomoons are likely forming 

and sweeping up material (Kenworthy & Mamajek, 2015). Even though we can't actually see J1407b 

directly yet, analyzing that wild 2007 transit gives us an incredible, rare look at the chaotic environments 

around young worlds and how early circumplanetary disks change over time (Sutton et al., 2022). 

1.3 Why J1407b Is Called a “Super Saturn” 

The reason everyone calls J1407b "Super Saturn" is pretty straightforward: its ring system is so 

unimaginably huge that it completely breaks the scale of anything we've ever seen in our own Solar System 

(Mamajek et al., 2012). While Saturn’s rings are the crown jewel of our local neighborhood, the 56 days 

of deep, chaotic eclipses seen in J1407b’s data pointed to a cosmic disk of epic proportions (Kenworthy 

& Mamajek, 2015). When researchers modeled this symmetrical ring structure, they found it contains 

dozens of distinct rings extending out to about 0.6 astronomical units, or roughly 90 million kilometers 

(Kenworthy & Mamajek, 2015). To put that in perspective, this ring system is roughly 200 times larger 

than Saturn's. The name "Super Saturn" is the perfect shorthand to show just how radically different and 

extreme exoplanet architectures can be compared to our local gas giants. 

But it’s not just about bragging rights for size; the sheer scale of J1407b’s rings forces us to rethink how 

planets and moons form. The amount of cosmic dust and debris needed to build a structure 200 times 

larger than Saturn's rings is massive. Models estimate the total mass of the disk is around 100 lunar masses, 

which is basically the mass of the entire Earth (Kenworthy & Mamajek, 2015). On top of that, the transit 

data shows a massive, clear gap in the middle of the disk at about 0.4 astronomical units, which scientists 

believe was carved out by a heavy, newly forming exomoon that could be up to 0.8 times the mass of 

Earth (Kenworthy & Mamajek, 2015). This combination of a hyper-massive ring and active moon-

building makes J1407b an incredible astrophysics lab, giving us a rare glimpse into the messy, violent 

early days of moon formation around young worlds (Sutton et al., 2022). 

1.4 Research Problem 

The biggest headache for scientists studying J1407b is explaining how a ring system stretching 90 million 

kilometers away from its planet stays stable in the long run. Out at those extreme distances, the outer edges 

of the rings are caught in a gravitational tug-of-war, highly vulnerable to being ripped apart by the young 
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host star's gravity (Mamajek et al., 2012). Basic orbital mechanics tells us that material floating at the 

outer fringes of such a massive disk should get stripped away or scattered pretty quickly. This happens 

because it approaches the edge of the planet's Hill sphere, the cosmic boundary where a planet’s gravity 

loses its grip on the host star. While computer models have tried to solve this by suggesting the rings orbit 

in a "retrograde" direction (meaning they spin opposite to the planet's orbit around the star, which 

mathematically helps them survive), the exact physics keeping these rings together and preventing them 

from dissolving remains a wide-open question (Rieder & Kenworthy, 2016). 

Making matters more complicated is the tricky relationship between the rings and the moons trying to 

form inside them. The data clearly show big structural gaps, especially a massive empty lane at about 0.4 

astronomical units, which most theories attribute to a growing moon clearing its path (Kenworthy & 

Mamajek, 2015). While this is great indirect evidence for moon birth, writing the mathematical and 

physical recipe for how a Mars- or Earth-sized moon condenses out of a loose disk of dust is incredibly 

difficult. We still don't know if this giant ring system is a permanent fixture that will last for millions of 

years or just a fleeting phase caused by a recent planetary smash-up or a temporary burst of space-dust 

accretion (Sutton et al., 2022). Figuring out whether J1407b's rings are here to stay or just passing through 

is a big deal, because it changes our full understanding of how moon systems survive across the galaxy. 

1.5 Significance of the Study 

Diving deep into J1407b’s massive ring system gives us a vital blueprint for how infant planetary systems 

grow and evolve. According to standard space science, a young planet builds up a local disk of gas and 

dust, which eventually clumps together to form a family of moons. The problem is that the ring systems 

we can see close up, like Saturn's, are ancient and mature; they've already lost almost all of their original 

material, leaving behind a highly degraded look at their past (Sutton et al., 2022). J1407b, however, gives 

us a rare look at a massive, complex disk that is actively evolving at just 16 million years old (Mamajek 

et al., 2012). Studying how thick, dense, and transparent J1407b’s rings are lets astrophysicists stress-test 

their computer simulations of early planetary environments, filling in the missing puzzle pieces between 

massive protoplanetary disks and final planetary systems. 

Furthermore, mapping out the large gaps in J1407b's disk is incredibly important for the brand-new field 

of exomoon hunting. Even though we’ve confirmed thousands of exoplanets, definitively finding an 

extrasolar moon is still an elusive milestone because our current transit methods hit a wall with objects 

that small (Kenworthy & Mamajek, 2015). J1407b’s massive size solves this by acting like a giant natural 

magnifying glass, blowing up tiny gravitational interactions into huge, noticeable structural gaps across 

90 million kilometers of space. By watching how these suspected "shepherd moons" clean out lanes 

beyond the planet's Roche limit, researchers can model real-time moon growth and movement (Kenworthy 

& Mamajek, 2015). Ultimately, this study lays the groundwork for future space telescopes and high-

contrast imaging missions, giving us a much sharper picture of how moons are born throughout the 

universe. 

1.6 Research Question 

The central research question guiding this study is: How does the proposed ring system of J1407b help 

explain the formation, stability, and possible detection of exomoons beyond the Solar System? 

 

Chapter 2: Review of Literature 

2.1 Planetary Ring Systems in the Solar System 

The sheer variety of ring systems around our own Solar System’s gas giants tells a fascinating story about  
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the gravitational forces that control space debris and shape planets. Saturn is home to the most massive 

and easily visible ring system, made up mostly of highly reflective water ice fragments organized into 

distinct bands like the A, B, and C rings, which are split wide open by clearings like the Cassini Division 

(Murray, 1994; Tiscareno & Hedman, 2018). This bright, orderly system is the exact opposite of Jupiter's 

incredibly faint, ghostly ring structure. Space telescope data show that the Jovian ring is mostly made of 

microscopic, dark dust grains rather than large chunks of ice. This dust is constantly being topped off as 

tiny space rocks smash into small inner moons like Metis and Adrastea, creating a faint disk that slowly 

spirals inward toward the planet because of magnetic forces and space drag (Burns et al., 2004; Charnoz 

et al., 2017). 

Further out, the ice giants Uranus and Neptune display completely different ring styles, showcasing how 

much nearby moons and gravitational timing matter. The Uranian ring system is made of eleven narrow, 

off-center, pitch-black tracks of material, which models suggest came from ancient inner moons getting 

ripped apart by gravity as they drifted too close to the planet (Leinhardt et al., 2012). These sharp ribbons 

stay thin and crisp because neighboring shepherd moons actively keep the particles from spreading out. 

On the flip side, Neptune’s rings are famous for being uneven and clumpy, with matter bunching up into 

dense arcs—famously named Liberté, Égalité, and Fraternité—inside the outer Adams ring (Murray, 

1994). These arcs are kept from dissolving by a complex gravitational dance with the nearby moon Galatea 

(Smith et al., 1989; Charnoz et al., 2017). Together, these four local systems give us an essential cheat 

sheet for understanding how massive disks behave across the cosmos. 

2.2 Discovery of the J1407 System 

Finding the J1407 system completely changed the game for exoplanet science, giving us the very first 

solid proof of a giant ring system orbiting a world outside our own. While keeping tabs on a young, 

developing star named 1SWASP J140747.93−394542.6 (or just J1407) in the Scorpius-Centaurus group, 

wide-field telescopes caught an unbelievably long, messy transit event that lasted for about 56 days around 

April 2007 (Sutton et al., 2022; van Werkhoven et al., 2014). Regular exoplanet transits are predictable: 

they make a smooth, U-shaped dip in a light curve as a solid planet blocks the star for a few hours. The 

2007 light curve, however, was a chaotic mess of rapid, deep drops. At its lowest point, more than 95% of 

the starlight was completely cut off, interrupted by wild, sudden swings in brightness that happened 

symmetrically around the middle of the eclipse, including major extra dips at 12 and  26 days (Zanazzi & 

Lai, 2016). 

To explain these rapid, massive swings in light, scientists tested and threw out all the usual theories. A 

single solid planet couldn't explain why the transit lasted two months or why the light fluctuated so fast, 

and deep scans showed no signs of a giant star or local dust cocoons that would normally create extra 

infrared heat (van Werkhoven et al., 2014). This led to the giant ring-system theory: the idea that an unseen 

companion, J1407b, is surrounded by an enormous, multi-layered debris disk that takes up a massive 

chunk of its local gravitational territory (Kenworthy & Mamajek, 2015; Rieder & Kenworthy, 2016). 

High-resolution computer models of those steep light-curve drops show that the rings stretch out about 

0.6 astronomical units (AU) and feature distinct, empty lanes, which math suggests are being cleared out 

by newborn exomoons (Kenworthy & Mamajek, 2015). 

2.3 The Ring Model of J1407b 

The complex blueprint of J1407b's giant disk was mapped out by digitally rebuilding the 2007 multi-day 

eclipse using an organized, circular ring model. Since we can't take a direct photo of this distant object, 

Kenworthy and Mamajek (2015) reverse-engineered the light curve by looking closely at the fast, shifting 
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slopes in the star's light. By using numerical models to calculate how the starlight is blocked out based on 

the disk's tilt, angle, and speed, they meticulously mapped out the structure. The final best-fit model 

revealed a mind-blowing disk containing 37 distinct rings stretching out to an outer edge of 0.6 

astronomical units (AU), or roughly 90 million kilometers (Kenworthy & Mamajek, 2015; van Dam & 

Kenworthy, 2024). The thickness and darkness of each ring were calculated by matching its transparency 

to the sharp light changes recorded during that 56-day transit window, revealing a total dust mass equal to 

roughly 100 of our moons (Sutton et al., 2022). 

Key Discovery: The dynamic reconstruction discovered that the ring structure is not a continuous 

sheet of debris but is heavily punctuated by pronounced annular voids. 

The most spectacular feature found in this model is a massive, clean gap sitting at an orbital radius of 

about 0.4 AU (roughly 61 million kilometers) from the central body (Kenworthy & Mamajek, 2015). To 

explain how this wide lane stays completely clear instead of getting filled back in by drifting space debris, 

researchers used a moon-sculpting theory based on the shepherd moons in Saturn's rings (Grätz et al., 

2017). Gravity simulations show that this gap is actively kept clean by the gravitational push and pull of 

an embedded, newborn exomoon estimated to be just under 0.8 times the mass of Earth (Rieder & 

Kenworthy, 2016; Sutton et al., 2022). This layout tells us that the J1407b model isn't just a boring, static 

ring, but rather a snapshot of a disk caught mid-evolution, giving us a real-time window into how moons 

are built outside our Solar System. 

2.4 Previous Studies on Ring Stability 

The long-term survival of J1407b’s massive ring system is a bit of a paradox in space math, requiring 

serious computer modeling to explain how such a giant structure avoids getting ripped apart by its host 

star. Because tracking data show that J1407b travels along a highly stretched-out, oval-shaped path around 

its star with an eccentricity (e) between 0.70 and 0.80, its local gravity environment changes drastically 

throughout its orbit (Sutton et al., 2022; van Werkhoven et al., 2014). At periapsis—the point where the 

planet gets closest to the star—the compression of its gravitational zone (the Hill sphere) causes intense 

tidal stripping. Under normal circumstances, a standard forward-spinning (prograde) ring system would 

be completely unstable here. Gravity simulations show that a prograde disk this size would lose almost all 

its material in a single orbit, as the star's gravity aggressively pulls the outer debris away (Rieder & 

Kenworthy, 2016; Zanazzi & Lai, 2016). 

To get around this problem, modern research heavily leans toward a backward-spinning (retrograde) setup 

for the ring material. Orbital modeling shows that particles orbiting backward relative to the planet's wider 

path around the star are much tougher against outside gravitational disruptions, surviving multiple close 

flybys over timescales of more than 10,000 orbits (Rieder & Kenworthy, 2016). This retrograde design 

allows the outer edge of the rings to stay locked to the planet even when passing deep through the danger 

zone. Still, keeping this massive structure stable for millions of years is a delicate balancing act; while 

milder orbits keep the rings smooth, extreme paths cause heavy warping, messing up particle tracks and 

threatening to make the rings collapse or thin out rapidly (Sutton et al., 2022). Because of this, the fact 

that J1407b's rings are still there today serves as an invaluable benchmark, giving us strict clues about the 

companion's mass and the history of its debris disk. 

2.5 Previous Studies on Exomoon Formation 

The physical layout of planetary rings is a fantastic indirect tool for spotting hidden moons, because the 

gravitational dance between the ring debris and an orbiting body naturally carves out clear lanes. Inside 

our own Solar System, we see this clearly in Saturn's architecture, where tiny, regular "ring-moons" 
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actively maintain open tracks within the wider debris field (Blanc et al., 2025). For instance, the embedded 

moonlets Pan and Daphnis directly sweep out the Encke and Keeler gaps by sweeping up or scattering 

local particles within their gravitational reach (Sutton et al., 2022). Additionally, moons sitting outside the 

rings can clear out divisions using mean-motion resonances (MMR)—timed gravitational tugs that 

destabilize specific orbits, a trick beautifully demonstrated by Mimas carving out the famous Cassini 

Division (Sutton et al., 2022). These local examples prove that sharp, empty lanes inside a dense disk are 

highly reliable indicators of active or fully formed moons. 

Applying these exact physics concepts to deep space has been central to studying the massive ring network 

around the exoplanet J1407b (V1400 Centauri). Computer modeling and light-curve analysis of J1407b's 

complex 56-day transit have revealed an uneven, sprawling disk broken up by major gaps, sparking a 

massive debate about moon-building in deep space (Sutton et al., 2022). While early theories thought that 

outside moons clearing gaps via gravitational timing could explain the ring patterns, modern models show 

that this would completely ruin the outer ring edges, making external moons an unlikely culprit (Sutton et 

al., 2022). Instead, current research points directly to embedded exomoons as the main gap-carvers. 

Because the ring material extends well past the planet's Roche limit (the zone where gravity tears things 

apart), the environment is perfect for dust and ice to clump together into major moons (Sutton et al., 2022). 

As a result, the gaps inside J1407b’s system are widely seen as the fresh cosmic footprints of growing 

exomoons clearing out their paths. 

2.6 Research Gap 

Right now, there is a big disconnect in the scientific literature regarding the dynamics of massive extrasolar 

ring systems. On one hand, a ton of research focuses purely on the math and physics of ring stability, 

looking at how giant structures like J1407b’s rings survive stellar radiation and intense gravitational tides 

without dissolving into space (Sutton et al., 2022). On the other hand, entirely separate studies look at the 

theoretical models of moon accretion, calculating how much material is available and where orbits sit, but 

assuming an idealized, completely static disk environment (Blanc et al., 2025). By analyzing these two 

pieces of the puzzle completely in isolation, current models totally miss how the messy, active process of 

a newborn moon flows through its orbit, simultaneously disrupting or reshaping the long-term balance of 

the remaining ring material. 

This research paper tackles that academic disconnect head-on by combining ring stability metrics with 

local exomoon formation theories into one unified study. Figuring out if J1407b can actually host or create 

stable natural moons requires looking at these two forces together, rather than treating them as parallel, 

independent systems. By studying how the gravitational chaos caused by a growing moon feeds back into 

the structural health of the remaining rings, this paper provides a much more realistic and rigorous 

evaluation of the J1407b environment. Ultimately, this combined approach bridges the gap between disk 

mechanics and moon growth, giving us a clearer picture of whether these hyper-massive ring networks 

are permanent planetary features or just temporary nurseries for building exomoons. 

 

Chapter 3: Theoretical Background 

3.1 Circumplanetary Disk Theory 

Scientists believe that circumplanetary disks form during the last stages of giant planet formation. When 

a large planet such as J1407b forms inside a protoplanetary disk, it can create a gap in the material 

surrounding its host star. Even after this gap forms, some gas, dust, and rocky material can still move 

toward the planet. Because this material has angular momentum, it cannot fall straight onto the planet. 
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Instead, it spreads out and forms a rotating disk around it (Canup & Ward, 2002). Current models suggest 

that the disk around J1407b could extend for tens of millions of kilometers. This makes it an interesting 

system for astronomers because it may help them understand how moons form around giant planets and 

how similar processes may have taken place in our own Solar System billions of years ago (Kenworthy & 

Mamajek, 2015). 

Many scientists think that exomoons may form within this disk. In the colder outer regions, small dust 

particles can stick together after collisions. Over time, these particles grow into larger objects such as 

pebbles, boulders, and moonlets. As they continue to collide and interact with each other through gravity, 

some of them may merge and eventually become larger moons (Heller, 2018). Researchers have also found 

several gaps in J1407b's proposed ring system. One possible explanation is that forming exomoons are 

clearing material from these regions as they orbit the planet. Although this idea has not been confirmed, 

the system could provide important clues about how moons develop around giant planets (Mamajek et al., 

2012). 

3.2 Hill Radius 

A planet's ability to retain rings, moons, and other surrounding material depends largely on the size of its 

Hill radius. The Hill radius defines the region around a planet where its gravitational influence is stronger 

than the tidal forces exerted by the host star (Murray & Dermott, 1999). Objects located within this region 

are more likely to remain gravitationally bound to the planet rather than being pulled away by the star. 

Although the Hill sphere is often described as a boundary, it is better understood as an approximate limit 

beyond which stable planetary orbits become increasingly difficult to maintain over long periods. 

The importance of this concept becomes evident when studying J1407b. Because of its large mass, the 

planet is expected to possess a particularly extensive Hill sphere. Estimates suggest that this region extends 

tens of millions of kilometers from the planet (Kenworthy & Mamajek, 2015). Such a large gravitational 

domain helps explain how J1407b could support a ring system far larger than those observed around the 

gas giants in our Solar System. Material located too close to the edge of the Hill sphere would be more 

vulnerable to perturbations from the host star, potentially leading to orbital instability. As a result, the Hill 

radius provides an important constraint when evaluating the maximum possible extent of the ring system 

and the long-term stability of any moons forming within it. 

3.3 Roche Limit 

While the Hill radius determines the outer region where material can remain bound to a planet, the Roche 

limit defines an important inner boundary. The Roche limit is the distance at which the tidal forces exerted 

by a planet become strong enough to overcome the self-gravity of an orbiting object (Roche, 1849). If a 

moon, asteroid, or other body moves inside this distance, the difference in gravitational force acting across 

the object can cause it to break apart. The resulting fragments may then contribute to the formation of a 

ring system. 

This process helps explain why rings and moons tend to occupy different regions around a planet. Inside 

the Roche limit, tidal forces make it difficult for particles to merge into larger bodies. Any developing 

moonlets are likely to be disrupted before they can grow significantly (Canup & Ward, 2006). Outside the 

Roche limit, however, gravitational attraction between particles can dominate over tidal stresses, allowing 

material to accumulate and eventually form moons. In the case of J1407b, this distinction may be 

especially important. The inner portions of the circumplanetary disk are expected to remain ring-like, 

whereas regions farther from the planet could provide suitable conditions for the growth of exomoons. 
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3.4 Mean Motion Resonance 

In addition to gravitational boundaries such as the Hill radius and Roche limit, orbital resonances play a 

major role in shaping the structure of planetary rings. A mean motion resonance occurs when two orbiting 

bodies have orbital periods that can be expressed as a simple ratio, such as 2:1 or 3:2. Under these 

conditions, a moon and nearby ring particles repeatedly interact at regular intervals. Each individual 

interaction is small, but over many orbits, the cumulative effect can significantly alter the motion of the 

particles (Goldreich & Tremaine, 1978). 

One consequence of these repeated gravitational interactions is the formation of gaps within ring systems. 

As a resonant moon continuously perturbs nearby particles, material can gradually be removed from 

certain orbital paths. Over time, this process creates relatively empty regions within the disk. Similar 

mechanisms are observed in Saturn's rings, where several gaps are associated with nearby moons. The 

large gaps inferred within the ring system of J1407b may have formed through the same process 

(Kenworthy & Mamajek, 2015). If this interpretation is correct, the gaps could provide indirect evidence 

for the presence of forming or already existing exomoons embedded within the disk. 

3.5 Retrograde and Prograde Motion 

The direction in which material orbits a planet can also influence the long-term stability of a ring system. 

Material moving in the same direction as the planet's rotation and orbital motion is described as prograde, 

while material moving in the opposite direction is classified as retrograde. Most planetary systems are 

thought to form in a prograde configuration because they originate from rotating disks of gas and dust. 

However, studies of J1407b suggest that a retrograde ring system may offer greater stability under certain 

conditions. The proposed ring structure is exceptionally large, extending over a substantial fraction of the 

planet's Hill sphere. In such cases, interactions with the host star become increasingly important. 

Numerical simulations indicate that retrograde rings can survive longer because stellar perturbations have 

a weaker destabilizing effect on particles moving opposite to the system's orbital motion (Rieder & 

Kenworthy, 2016). This increased stability may help explain how J1407b could maintain such an extensive 

ring system over long timescales. Although the exact orbital configuration remains uncertain, retrograde 

motion remains one of the leading explanations for the persistence of the proposed rings. 

 

Chapter 4: Methodology 

4.1 Research Design 

This study uses a secondary research design based on previously published scientific literature and 

astronomical observations. Instead of collecting new observational data, it examines existing research on 

J1407b (V1400 Centauri b) and its proposed ring system. A secondary research approach is appropriate 

because the unusual transit event associated with J1407b was observed only once in 2007. Since another 

transit has not yet been detected, researchers must rely on archival observations and published models to 

investigate the system. 

The study reviews and compares findings from photometric analyses, orbital models, and N-body 

simulations to develop an overall understanding of J1407b's physical properties, ring structure, and orbital 

behaviour. By comparing the conclusions of different studies, the research identifies areas where scientists 

agree as well as questions that remain unresolved, including the companion's mass, the long-term stability 

of its ring system, and the possible formation of exomoons (Mamajek et al., 2012; Kenworthy & Mamajek, 

2015). This approach allows the available evidence to be evaluated without introducing new observational 

data. 
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4.2 Sources of Data 

The information used in this research was obtained entirely from secondary sources. Relevant literature 

was identified through the NASA Astrophysics Data System (ADS), which serves as the primary 

professional interface for astronomical research, supplemented by Google Scholar for broader academic 

indexing. The search was further supported by the arXiv (astro-ph) preprint server, which provides access 

to recent theoretical studies and simulations that may not yet be available in peer-reviewed journals. 

Most of the data were taken from peer-reviewed papers published in well-established journals, including 

The Astrophysical Journal (ApJ), Astronomy & Astrophysics (A&A), and Monthly Notices of the Royal 

Astronomical Society (MNRAS). Additional information about the host star and the J1407 system was 

obtained from reliable astronomical databases, including the NASA Exoplanet Archive and other 

recognised catalogues where appropriate. Preference was given to studies that presented quantitative 

analyses of the 2007 transit event, including models of the proposed ring system, orbital properties, and 

companion characteristics. 

4.3 Inclusion Criteria 

Literature was included if it directly examined J1407b, exorings, circumplanetary disks, exomoon 

formation, or the orbital stability of large ring systems. Studies that presented observational data, 

numerical simulations, or theoretical models related to these topics were considered relevant for the 

review. 

Particular emphasis was placed on papers analysing the 2007 SuperWASP transit event, especially those 

investigating ring geometry, optical depth, ring gaps, and the large gap of approximately 0.4 AU that may 

indicate the presence of an embedded exomoon (Kenworthy & Mamajek, 2015). Studies discussing Hill 

sphere limits, Roche limits, orbital stability, stellar perturbations, and retrograde ring systems were also 

included because they provide the theoretical basis for understanding the proposed ring system around 

J1407b. Peer-reviewed journal articles were prioritised, and only studies written in English and based on 

recognised astrophysical methods were included. 

4.4 Exclusion Criteria 

To keep the review focused, studies that did not directly relate to J1407b or the physics of circumplanetary 

ring systems were excluded. General papers on stellar evolution, cosmology, or protoplanetary disks were 

not included unless their models were specifically applied to circumplanetary environments. Research 

dealing only with the rings of Solar System planets was generally excluded because those systems differ 

significantly from the proposed ring system around J1407b in terms of scale, mass, and orbital 

environment. 

However, older studies that provide important theoretical foundations, such as those explaining orbital 

dynamics, Hill radius calculations, or ring stability, were retained where they supported the interpretation 

of more recent work. Popular science articles, opinion pieces, blogs, and unsupported online sources were 

excluded from the review. This selection process helps ensure that the analysis is based on reliable 

scientific evidence while reducing the influence of speculative claims. 

4.5 Method of Analysis 

The collected literature was analysed using a comparative review approach rather than a purely thematic 

one. The selected studies were grouped according to their main research method, including observational 

photometry, orbital modelling, and dynamical N-body simulations. Their findings were then compared to 

identify similarities, differences, and areas where current scientific understanding remains uncertain. 

Particular attention was given to studies proposing different estimates for the mass of J1407b and the stabi- 
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lity of its extensive ring system. The review also compared competing explanations for the origin of the 

observed ring gaps, including models involving embedded exomoons and those based on gravitational 

resonances. By comparing these different interpretations, the study identifies the main strengths and 

limitations of existing research and highlights areas where additional observations, including future transit 

detections and radial velocity measurements, could help resolve the remaining uncertainties surrounding 

this proposed Super-Saturn system. 

 

Chapter 5: The Discovery and Observational Evidence of J1407b 

5.1 The 2007 Eclipse Event 

The story of J1407b began in 2007 when astronomers studying data from the SuperWASP (Wide Angle 

Search for Planets) survey noticed an unusually long eclipse around the young star J1407. Unlike the brief 

dimming normally produced when a planet crosses in front of its host star, this event continued for about 

56 days (Mamajek et al., 2012). The star's brightness did not decrease in one smooth pattern. Instead, it 

changed repeatedly, showing deep drops, partial recoveries, and sudden fluctuations over the course of the 

eclipse. Such behaviour was unlike any ordinary planetary transit previously observed. The extended 

duration also implied that the material responsible for blocking the starlight occupied an enormous region 

around the unseen companion, stretching across tens of millions of kilometres (Mamajek et al., 2012). 

As researchers examined the observations more closely, they concluded that a giant companion surrounded 

by an exceptionally large ring system offered the best explanation for the recorded eclipse. This proposed 

object was later named J1407b. Estimates suggested that its rings could extend to nearly 120 million 

kilometres in diameter, making them roughly 200 times wider than the rings of Saturn (Kenworthy & 

Mamajek, 2015). The uneven pattern of dimming indicated that the rings were not continuous but 

consisted of many separate bands with varying amounts of material. In several places, wide gaps appeared 

between neighbouring rings, hinting that young moons may have already begun clearing paths through the 

disk. Although J1407b has not yet been directly photographed, the 2007 eclipse continues to provide one 

of the strongest pieces of evidence for a giant exoplanetary system and has become an important case 

study for understanding how planets and their satellites may evolve during the early stages of formation 

(Mamajek et al., 2012; Kenworthy & Mamajek, 2015). 

5.2 Light Curve Analysis 

After the eclipse had ended, astronomers turned their attention to the star's light curve to understand what 

had caused such an unusual event. A light curve records how the brightness of a star changes with time 

and is one of the most widely used methods for discovering planets outside the Solar System. Normally, 

when a planet passes in front of its star, the graph shows a single, smooth dip before returning to its original 

brightness. The observations of J1407, however, looked very different. Instead of one continuous decline, 

the data contained many dips of different depths and lengths, separated by short periods during which the 

star brightened again. This complicated pattern suggested that something much larger and more structured 

than a single planet was moving across the face of the star (Mamajek et al., 2012). 

Scientists then compared the observations with computer models containing dozens of concentric rings 

surrounding a giant companion. The models showed that rings with different densities and widths could 

reproduce the changing brightness seen in the light curve. Dense rings blocked more starlight and created 

deeper dips, while gaps between the rings allowed additional light to pass through, producing temporary 

increases in brightness. Some of these gaps were wide enough to suggest that developing exomoons may 

have removed material from the ring system through their gravitational influence, a process similar to the 
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one observed within Saturn's rings (Kenworthy & Mamajek, 2015). Although another eclipse has not yet 

been detected, the remarkable agreement between the observations and these ring models strongly supports 

the idea that J1407b possesses one of the largest circumplanetary ring systems ever proposed. For this 

reason, light curve analysis remains the primary source of evidence for the existence and structure of this 

extraordinary exoplanetary system (Mamajek et al., 2012; Kenworthy & Mamajek, 2015). 

5.3 Evidence for Ring Structures 

Reconstructing the structure of J1407b relies mainly on interpreting its strange photometric signature. 

During a 56-day period in 2007, the SuperWASP survey recorded a complex and irregular dimming of the 

host star. This pattern differs from the typical short, symmetrical U-shaped light curve seen with planetary 

transits (Mamajek et al., 2012). The star's brightness changed multiple times during the event, with the 

deepest dimming reducing the observed light by more than 95%. This long and complicated eclipse can't 

be explained by a single spherical object alone. Instead, the observations strongly suggest that a large and 

complex circumplanetary structure, made up of many ring-like components, obscured the star. 

By modeling the changing brightness of the star, astronomers inferred an extensive system of concentric 

rings separated by several noticeable gaps. Sharp decreases and increases in brightness correspond to the 

edges of dense ring material. Meanwhile, periods of relatively stable brightness indicate areas with little 

or no material present (Kenworthy & Mamajek, 2015). The clear boundaries between these features imply 

a well-organized internal structure within the rings. Although these gaps resemble those found in Saturn's 

ring system, they are much larger. Their presence supports the idea that the formation of exomoons or 

other gravitational interactions may be shaping the ring material, although there is no direct evidence for 

such moons yet. 

5.4 Limitations of the Observational Data 

Despite the wealth of information from the 2007 light curve, one major limitation of the J1407b hypothesis 

is the lack of additional transit observations. So far, astronomers have only seen one eclipse event linked 

to the system. Without a second transit, key orbital properties, such as the companion's orbital period, 

eccentricity, and mass, cannot be determined directly and remain constrained mainly by theoretical 

modeling (Mamajek et al., 2012). As a result, many aspects of the proposed ring system remain uncertain 

and need further observational confirmation. 

This limitation also affects estimates of the physical size of the rings. Because the companion's speed 

across the face of the host star has not been measured directly, researchers must estimate the size of the 

rings using assumed orbital velocities (Kenworthy & Mamajek, 2015). If the actual speed differs from 

current estimates, the calculated size of both the rings and the gaps would also change. Therefore, while 

the ring model is the explanation that fits best with the available observations, additional transit events are 

needed to refine the system's physical properties and test the accuracy of existing models. 

5.5 Importance of Future Observations 

Observing another transit of the J1407 system would be a significant step toward understanding the nature 

of its proposed companion and ring system. A repeat eclipse would allow astronomers to determine the 

companion's orbital period much more confidently and significantly improve estimates of its orbital 

characteristics. These measurements would strengthen the evidence for the existence of J1407b and help 

clarify competing explanations for the unusual eclipse seen in 2007. 

Future observations using modern telescopes and multi-wavelength imaging techniques could also yield 

valuable information about the physical properties of the ring material. Measuring how different 

wavelengths of light interact with the rings would help refine our understanding of the composition and 
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particle sizes within the disk (Kenworthy & Mamajek, 2015). Additionally, comparing future light curves 

with the 2007 observations could reveal changes in the positions or widths of the ring gaps over time. 

Such observations would provide stronger evidence for the processes shaping circumplanetary ring 

evolution and could offer important insights into how moons form around giant planets. 

 

Chapter 6: Structure and Scale of the J1407b Ring System 

6.1 Size of the Ring System 

The ring system proposed around J1407b is considered one of the largest circumplanetary structures ever 

suggested around a planetary companion. Models based on the unusual 56-day eclipse observed by the 

SuperWASP survey in 2007 estimate that the outer radius of the rings extends to approximately 0.6 

astronomical units (AU), or about 90 million kilometres (Mamajek et al., 2012). Researchers arrived at 

this estimate by comparing the observed changes in the star's brightness with simulations showing how an 

extensive ring system would pass across the face of the star during a transit. Although the exact dimensions 

depend on assumptions about the companion's orbit, published models consistently indicate that the 

structure is far larger than any planetary ring system known in our Solar System. 

Comparing the ring system with the inner Solar System helps illustrate its remarkable size. If placed 

around the Sun, rings extending to 0.6 AU would reach beyond the orbit of Mercury and approach the 

orbit of Venus (Kenworthy & Mamajek, 2015). Maintaining material across such an enormous distance 

would require the central companion to exert a strong gravitational influence. Existing studies estimate 

that the companion may have a mass between roughly 5 and 20 Jupiter masses, although this range remains 

uncertain until another transit is observed. Even with these uncertainties, the estimated size of the rings 

provides valuable clues about the companion's mass and the extent of its gravitational influence. 

6.2 Number and Arrangement of Rings 

Evidence from the complex SuperWASP light curve indicates that the material surrounding J1407b is 

organised into many concentric rings rather than forming one continuous disk. According to the model 

developed by Kenworthy and Mamajek (2015), the system may contain about 37 individual rings with 

different optical depths. As the companion moved across the star, rings with different densities blocked 

different amounts of starlight, producing the complicated pattern of dimming recorded during the 2007 

eclipse. This variation suggests that the ring system contains regions with differing concentrations of 

material rather than a uniform distribution. 

Several noticeable gaps are also present between neighbouring rings. One of the largest inferred gaps lies 

between approximately 0.396 and 0.421 AU from the central companion (Kenworthy & Mamajek, 2015). 

Similar gaps are observed within Saturn's rings, although those around J1407b are considerably larger. 

One possible explanation is that these empty regions were created through gravitational interactions with 

developing satellites orbiting within the disk. Numerical simulations indicate that a forming exomoon 

could account for at least one of the major gaps, although no exomoon has yet been detected directly. 

Other gaps may have formed through similar processes, but additional observations will be needed before 

this interpretation can be confirmed. 

6.3 Ring Composition 

The composition of the J1407b ring system has not yet been measured directly. Since only one transit has 

been observed, astronomers rely mainly on modelling the light curve to infer the general properties of the 

material within the disk. The substantial decrease in the star's brightness during the eclipse suggests that 

parts of the ring system contain significant amounts of dust and other solid material capable of blocking 
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visible light (Mamajek et al., 2012). This interpretation is consistent with current models of young 

circumplanetary disks, which are expected to contain both fine dust particles and larger rocky material. 

Although the exact chemical composition remains uncertain, the ring system is thought to represent an 

early stage in the formation of natural satellites. Material left over from the formation of the central 

companion could provide the raw ingredients needed for future moons. Over time, collisions and 

gravitational interactions within the disk may allow some particles to combine into larger bodies while 

smaller particles continue orbiting within the rings. Observations at additional wavelengths in the future 

would help place stronger constraints on the composition, particle sizes, and physical characteristics of 

the ring material. 

6.4 Mass of the Rings 

Estimates based on the available observations indicate that the proposed ring system around J1407b 

contains a substantial amount of solid material compared with the ring systems found in our Solar System. 

By modelling the eclipse and the inferred distribution of matter within the rings, Kenworthy and Mamajek 

(2015) estimated that the disk may contain material equivalent to approximately 100 lunar masses, or 

about 1.2 Earth masses. Such an estimate suggests that enough material could be present to support the 

formation of several natural satellites, although the exact value remains uncertain because it depends on 

assumptions about the structure and density of the ring system. 

These values should be regarded as estimates rather than precise measurements. Since the calculations are 

based on a single observed transit, uncertainties in the companion's orbital velocity and the properties of 

the ring particles influence the final result. Future observations may therefore refine these estimates as 

improved models become available. Even with these uncertainties, the inferred mass of the ring system is 

far greater than that of Saturn's rings, making J1407b an important system for studying the early stages of 

circumplanetary disk evolution and satellite formation. 

6.5 Comparison with Saturn's Rings 

A comparison with Saturn highlights the exceptional scale of the proposed ring system around J1407b. 

Saturn's rings extend to a radius of about 140,000 kilometres and contain relatively little material 

compared with current estimates for J1407b. In contrast, the inferred rings around J1407b extend to 

roughly 90 million kilometres and may contain around 100 lunar masses of material (Kenworthy & 

Mamajek, 2015). Taken together, these differences show that the proposed J1407b ring system is far larger 

and more massive than any planetary ring system currently known in our Solar System, which explains 

why it is often referred to as a "Super Saturn." 

The two systems also appear to represent different stages of evolution. Saturn's rings are generally 

considered mature and relatively stable, whereas the rings around J1407b are thought to represent a much 

younger circumplanetary environment. Many researchers suggest that the material within the disk may 

eventually contribute to the formation of natural satellites, making the system a valuable example of an 

early stage in moon formation (Mamajek et al., 2012). Because only one eclipse has been observed so far, 

many questions about the system remain unanswered. Continued observations and improved modelling 

are expected to provide a clearer understanding of how large circumplanetary ring systems evolve and 

how satellite systems form around giant planets. 

 

Chapter 7: Stability of the Ring System 

7.1 The Problem of Orbital Eccentricity 

One of the main challenges in explaining the lasting presence of the proposed ring system around J1407b  
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is the companion's highly eccentric orbit. Unlike the nearly circular orbits of the giant planets in our Solar 

System, models suggest that J1407b follows an elongated orbit with an estimated eccentricity of about 

0.65 or more (Kenworthy & Mamajek, 2015). As the companion moves around its host star, the distance 

between the two changes significantly. Near apastron, where J1407b is farthest from the star, its Hill 

sphere is larger, creating a wider area around the companion that remains gravitationally stable. However, 

as it approaches periastron, the Hill sphere contracts considerably, shrinking the region where ring 

particles can remain gravitationally bound. 

This changing gravitational environment poses a significant problem for a ring system with an estimated 

radius of about 0.6 AU. Numerical studies show that ring material located near the outer edge of the disk 

may become unstable as the Hill sphere shrinks during close approaches to the host star (Rieder & 

Kenworthy, 2016). These repeated gravitational disturbances can change particle orbits, increase collision 

rates, and gradually remove material from the outer sections of the disk. Therefore, the ongoing existence 

of an extensive system with approximately 37 inferred rings needs additional mechanisms to keep the disk 

stable despite the changing orbital conditions. 

7.2 Stellar Tidal Forces 

The stability of the proposed ring system is also affected by the tidal forces from the host star during 

periastron. As J1407b comes closest to the star, the difference in gravitational pull across the large 

circumplanetary disk becomes much stronger (Mamajek et al., 2012). Because the ring system covers a 

substantial part of the companion's Hill sphere, the outer regions feel a greater tidal influence than the 

material closer to the companion. These tidal forces can distort the outer disk and lessen the companion's 

ability to keep loosely bound particles. 

The effects of tidal stripping are expected to be strongest near the outer edge of the ring system, where the 

companion's gravitational pull is weakest. During repeated periastron passages, particles located beyond 

the contracted Hill radius may gradually become unbound and escape the system (Kenworthy & Mamajek, 

2015). Smaller dust grains may also face additional influences, like radiation pressure, although stellar 

tidal effects remain the main factor affecting long-term stability. Thus, the outer rings would likely need 

continuous replenishment or orbital setups that lessen the combined effects of these disturbances over 

time. 

7.3 Prograde Ring Instability 

The direction of the ring particles' orbits plays an important role in determining the system's long-term 

stability. In a prograde setup, the ring particles orbit the companion in the same direction that J1407b 

moves around its host star. Numerical simulations indicate that this arrangement enhances the cumulative 

effects of stellar gravitational disturbances during repeated periastron passages (Rieder & Kenworthy, 

2016). Over time, these disturbances change the orbits of particles in the outer regions of the disk, making 

the ring system less stable. 

Simulation results suggest that prograde ring systems that extend across a large portion of the Hill sphere 

lose stability within just a few orbital periods (Rieder & Kenworthy, 2016). As orbital eccentricities rise, 

particles start to follow intersecting paths, leading to more frequent collisions and the gradual spread of 

ring material. Although prograde motion is expected based on standard models of planet formation, current 

simulations show that a ring system as large as the one suggested for J1407b is unlikely to stay stable over 

long timescales if it maintains a prograde orientation. 

7.4 Retrograde Ring Stability 

To explain how such a large ring system might endure, studies have explored the possibility of a retrograde  
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configuration. In this scenario, the inferred rings orbit the companion in the opposite direction of J1407b's 

motion around the host star. Simulations indicate that this orbital arrangement alters how stellar 

disturbances impact the disk during close approaches. With greater relative motion between the star and 

the ring particles, individual interactions happen over shorter times, reducing the cumulative effects of 

repeated gravitational disturbances (Rieder & Kenworthy, 2016). 

As a result, retrograde ring systems experience smaller long-term changes in their orbital structure than 

similar prograde systems. Numerical models suggest that retrograde rings extending across much of the 

Hill sphere can stay stable for roughly 100,000 years while maintaining the overall ring structure seen 

during the eclipse (Rieder & Kenworthy, 2016). Although more observations are needed to confirm the 

actual orientation of the disk, a retrograde setup currently offers one of the most likely explanations for 

the long-term stability of the proposed ring system. 

7.5 Role of Companion Mass 

In addition to orbital orientation, the mass of the central companion significantly affects the stability of 

the proposed ring system. Whether J1407b is a massive gas giant or a low-mass brown dwarf influences 

the size of its Hill sphere and its capacity to hold material over long periods. Current models generally 

estimate a companion mass between about 5 and 20 Jupiter masses, but its exact nature is still unknown 

since the object has not been directly observed (Mamajek et al., 2012; Kenworthy & Mamajek, 2015). A 

more massive companion would have a larger area of gravitational influence, improving its ability to 

support an extensive circumplanetary disk. 

If J1407b were significantly less massive, the outer parts of the proposed ring system would be more at 

risk of tidal disruption during each close pass to the host star. A higher companion mass raises the chances 

that ring particles remain gravitationally bound despite repeated orbital disturbances. Current models also 

suggest that the ring system may hold a substantial amount of material, with some estimates approaching 

an Earth mass, though these values depend on the model (Kenworthy & Mamajek, 2015). Combined with 

a retrograde orbital configuration, a relatively high companion mass offers one of the strongest 

explanations for how such a large and complex circumplanetary ring system could remain stable over time 

 

Chapter 8: Ring Gaps and the Possibility of Exomoons 

8.1 Ring Gaps as Evidence of Moons 

Ring systems are not always spread out evenly. There are areas in many of the disks that surround planets. 

These empty areas show that something is pulling on the disk with its gravity. When a small moon starts 

to form it. Pulls on the particles around it. Some of these particles get pulled onto the moon. Others get 

pushed into different orbits. Over time this clears out a path for the moon. Creates a gap in the ring system. 

That is why ring gaps are often seen as signs that a moon might be forming. 

Once a gap forms it can stay that way because of something called shepherding. The moon keeps pulling 

on the particles near the edges of the gap. Particles that are inside the moon's path get energy and move 

inward while particles that are outside the path lose energy and move outward. This keeps happening. It 

helps keep the gap clear of particles. We see this happening in Saturn's rings, where moons like Pan and 

Daphnis keep the gaps in the rings clear. Even though J1407b is much bigger than Saturn, the rules of 

gravity might apply to its ring system. 

8.2 The 0.4 AU Gap in J1407bs Rings 

One of the interesting things about J1407bs ring system is a big gap that is about 0.4 AU wide. During an 

eclipse that happened in 2007 the star behind the planet got brighter for a little while. This happened 
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because there were no particles in front of the star at that time. The light from the star showed that there 

is a gap in the ring system and it is 0.396 to 0.421 AU wide. The gap is very big, four million kilometers 

wide. 

The edges of the gap are very sharp which is unusual. The light from the star changes quickly when it 

enters and exits the gap. This shows that the ring particles have edges rather than fading out slowly. 

Sometimes the density of the ring particles can change. These changes do not usually create a big empty 

gap that stays that way for a long time. That is why many people think that the gap might be a sign of a 

moon that is forming. 

8.3 Embedded Exomoon Hypothesis 

One way to explain the 0.4 AU gap is that a moon is orbiting inside it. The moon would pull on the 

particles around it. Some of these particles would get added to the moon while others would get pushed 

into different orbits. Over time this would create a gap around the moon's path. As the moon gets bigger 

its gravity would affect particles and the gap would get bigger. 

The gap is very wide which suggests that the object that is causing it is very big. Some models show that 

a moon with a mass of 0.8 Earth masses could create a gap this big. A moon this big could keep the gap 

clear even as the ring particles try to spread out due to collisions and friction. Even though we have not 

seen the moon directly this is one of the popular explanations for the gap. 

8.4 Mean Motion Resonance Hypothesis 

Another way to explain the gap is that it was created by a resonance rather than a moon orbiting inside it. 

In this case a satellite would orbit another in the system and its gravity would slowly remove particles 

from a different part of the disk. Resonances happen when two objects orbit each other in ratios like 2:1 

or 3:2. When this happens the particles in the disk get gravitational pulls, which change their paths over 

time. 

We see this happening in Saturn's ring system, where the Cassini Division is maintained by a resonance 

with the moon Mimas. It is possible that a satellite orbiting J1407b could create the gap through a 

resonance, rather than a moon orbiting inside the gap. If this is true then we would not need a moon to 

explain the gap. 

8.5 Why Embedded Moons Are Considered Likely 

While both explanations seem possible many people think that the embedded moon explanation is more 

likely. One reason is that the gap is very big and has edges. Creating a gap like this through a resonance 

would require interactions over a large distance, which would usually create more gradual changes in the 

ring density. 

On the other hand a moon orbiting inside the gap would naturally create a local clearing effect. Some 

models show that a moon with a mass of 0.8 Earth masses could maintain the gap even as the ring particles 

try to spread out due to viscosity. A distant resonant moon would likely have trouble keeping the gap clear 

without disturbing parts of the ring system. While we need observations to confirm either theory the 

embedded exomoon model currently seems like the most likely explanation for the gap. 

 

Chapter 9: J1407b as a Model for Moon Formation Beyond the Solar System 

9.1 Circumplanetary Rings as Moon-Forming Regions 

The process of a planet forming is really interesting. A big cloud of stuff around a planet starts to come 

and form moons. This stuff is not just floating around. It is actually forming a system of moons. The 
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material around J1407b is an example of this. It is like a construction site where gas, dust and rocks are 

all coming together to form moons. 

 

In the beginning the stuff around a planet is all over the place.. As it cools down and settles it starts to 

form a flat disk that rotates around the planet. As the material in this disk moves it starts to come together 

and form bigger and bigger pieces. These pieces are called planetesimals. This is how moons are formed. 

The disk around J1407b is really big. It has a lot of material in it. This material is moving around. Coming 

together to form moons. 

 

The disk around J1407b is special because we can see it clearly. It has a lot of rings that are made up of 

types of material. These rings are like roads that the material follows as it moves around the planet. The 

material in these rings is always. Coming together to form bigger pieces. This is how the moons around 

J1407b are formed. 

9.2 Comparison with Jupiter and Saturn’s Moons 

We can learn a lot about how our own Solar System was formed by looking at the moons of Jupiter and 

Saturn. These moons were formed a time ago when Jupiter and Saturn were still young. The material that 

made up these moons came from a disk of gas and dust that surrounded the planets. This disk was like a 

version of the disk that formed our whole Solar System. 

The moons of Jupiter and Saturn are really interesting because they are so different from each other. They 

have sizes and compositions. This tells us that the disk of material that they formed from was not uniform. 

It had types of material in different places. The disk around J1407b is similar to the disks that formed the 

moons of Jupiter and Saturn.. It is much bigger and has a lot more material in it. 

J1407b is like a window into the past. It shows us what the disks around Jupiter and Saturn might have 

looked like when they were forming. By studying J1407b we can learn more about how our own Solar 

System was formed. We can see how the material in the disk comes together to form moons. This is really 

important for understanding how planets and moons are formed. 

9.3 Challenges to In-Situ Moon Formation 

Forming moons is not a process. There are a lot of things that can go wrong. The disk around J1407b is 

really big. Has a lot of material in it.. This material is not always stable. Sometimes it can get too hot or 

too cold. This can cause problems. The material in the disk can also get broken up by the gravity of the 

star that J1407b orbits. 

When the material in the disk gets too hot it can start to melt and break apart. This makes it hard for the 

material to come together and form moons. The gravity of the star can also cause problems. It can pull on 

the material in the disk. Cause it to move around too much. This makes it hard for the material to settle 

down and form moons. 

The disk around J1407b is also really dense. This means that the material in it is packed tightly together. 

This can cause the material to heat up and break apart. It is like when you pack many people into a small 

room. It can get really hot and uncomfortable. The material in the disk around J1407b is like this. It is 

packed tightly together and this can cause problems. 

9.4 Exomoons and Planetary Evolution 

Moons are really important for planets. They can help to stabilize the planets rotation and keep its climate 

from getting too extreme. Moons can also provide a lot of heat to a planet through a process called heating. 

This is when the gravity of the moon pulls on the planet and causes it to heat up. 
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The moons around J1407b are really interesting because they are so big. They are like the moons of Jupiter 

and Saturn but much bigger. By studying these moons we can learn more about how they were formed 

and how they affect the planet. We can also learn more about how the planet and its moons evolved over 

time. 

The study of exomoons is really important for understanding how planets and moons are formed. It can 

also help us to find planets that might be able to support life. If a planet has a moon it might be able to 

support life even if it is not in the right place in the solar system. The moon could provide the heat and 

protection for life to exist. 

9.5 J1407b as a Cosmic Laboratory 

J1407b is like a laboratory for scientists. It is a place where we can study the formation of moons and 

planets. The disk around J1407b is really special because we can see it clearly. It is like an experiment 

that is happening right in front of us. 

By studying J1407b we can learn more about how planets and moons are formed. We can see the material 

in the disk coming together to form moons. This is really important for understanding how our own Solar 

System was formed. J1407b is like a window into the past. It shows us what the disks around Jupiter and 

Saturn might have looked like when they were forming. 

The study of J1407b is ongoing. Scientists are still learning more about the disk and the moons that are 

forming in it. This is an exciting area of research because it can help us to understand more about how 

planets and moons are formed. It can also help us to find planets that might be able to support life. 

 

Chapter 10: Conclusion and Future Scope 

10.1 Summary of Key Findings 

The comprehensive analysis of the transit light curve data from 1SWASP J140747.93-394542.6 (hereafter 

J1407) demonstrates compelling evidence for a massive, highly structured circumplanetary disk encircling 

the substellar companion J1407b. Spanning roughly 0.6 astronomical units (AU) in radius—comprising 

over 30 distinct ring structures—this system dwarfs Saturn's ring network by several orders of magnitude 

(Mamajek et al., 2012). Numerical simulations of orbital dynamics indicate that a disk of this lateral scale 

faces severe gravitational disruption from the primary star unless specific dynamical constraints are met. 

Crucially, studies by Kenworthy and Mamajek (2015) confirm that the long-term stability of these rings 

requires a retrograde orientation relative to J1407b’s eccentric orbit around the host star. This retrograde 

alignment significantly dampens the resonant perturbations caused by stellar tides, thereby preventing the 

rapid dispersion of disk material and permitting the persistence of a stable, giant ring architecture. 

Beyond the sheer scale of the system, the detailed photometric profiles recorded during the 2007 eclipse 

event revealed prominent, sharp transmission gaps within the optical depth profile of the ring complex. 

These depleted regions are unlikely to be simple transient features; instead, hydrodynamic modeling 

suggests they are maintained by the gravitational clearing of embedded companions (van Werkhoven et 

al., 2014). The most prominent gap, spanning approximately 0.04 AU, strongly indicates the presence of 

a forming exomoon with a mass up to 0.8 Earth masses that has cleared its orbital path via resonant 

scattering (Rieder and Kenworthy, 2016). Consequently, J1407b serves as a pristine, observational proxy 

for the epoch of circumplanetary disk evolution, offering critical empirical data on the physical 

mechanisms that drive giant planet satellite formation and disk-satellite interactions in extra-solar 

environments. 
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10.2 Answer to the Research Question 

This investigation directly answers the overarching research question regarding how giant ring systems 

survive in extrasolar environments and what their structural morphology reveals about unseen secondary 

bodies. By analyzing the photometric light curves of J1407b, this study confirms that extrasolar 

circumplanetary disks can scale far beyond the traditional limits observed within our Solar System. The 

existence of J1407b demonstrates that the physical mechanisms governing ring dynamics—such as tidal 

confinement, collisional damping, and angular momentum transport—operate effectively on scales 

approaching $10^8$ kilometers (Mamajek et al., 2012). Furthermore, the structural longevity of such 

massive complexes relies heavily on non-canonical orbital setups, proving that retrograde disk rotation is 

a viable astrophysical mechanism for shielding giant rings against host-star gravitational shear 

(Kenworthy and Mamajek, 2015). 

In addressing the secondary dimension of the research question, this study establishes that structural 

anomalies within extra-solar ring systems serve as powerful diagnostic tools for discovering sub-stellar 

and planetary-mass companions. Traditional radial velocity and transit detection methods struggle to 

identify low-mass exomoons due to their negligible gravitational influence on the primary star and minute 

transit depths (Sartoretti and Schneider, 1999). However, this research highlights that an exomoon's 

effective cross-section for detection is dramatically amplified through its indirect interactions with a 

surrounding disk. By carving wide, optically thin lanes in the circumplanetary material, an embedded 

exomoon creates observable signatures that are far easier to detect photometrically than the moon itself, 

thereby opening a critical pathway for indirect exomoon identification across the galaxy (Rieder and 

Kenworthy, 2016). 

10.3 Limitations of the Study 

A primary limitation of this research stems from its reliance on secondary observational datasets and 

legacy light-curve analyses rather than direct, real-time photometric measurements. Because the complex 

multi-ring transit of J1407b was captured as a singular event spanning 56 days during the 2007 

SuperWASP monitoring campaign, all subsequent structural interpretations depend entirely on archived, 

single-epoch data (Mamajek et al., 2012). The absence of a secondary, fully resolved eclipse observation 

prevents the independent confirmation of the ring system's global geometry, precession rates, and optical 

depth consistency over extended timescales. Furthermore, without high-cadence spectroscopic monitoring 

during the transit window, determining the precise chemical composition, grain size distribution, and dust-

to-gas ratios within the individual ringlets remains fundamentally constrained by theoretical assumptions 

rather than direct absorption spectroscopy (Kenworthy and Mamajek, 2015). 

Additionally, significant observational ambiguity persists regarding the candidate companion's orbital 

period and planetary status. Because the orbital period of J1407b is loosely constrained—estimated to lie 

anywhere between 11 and 20 years—predicting subsequent transit events carries high positional 

uncertainty, which hinders targeted follow-up campaigns with ground- and space-based observatories (van 

Werkhoven et al., 2014). Moreover, the exact mass of J1407b remains poorly bounded via radial velocity 

measurements, spanning a range from a high-mass giant planet ($\approx 10\text{ to }14 \text{ } 

M_{\text{Jup}}$) to a low-mass brown dwarf (Rieder and Kenworthy, 2016). This mass degeneracy 

introduces systemic uncertainty into the dynamical models used to calculate the Roche limit of the system, 

the long-term stability of the disk, and the exact mass threshold required for an embedded exomoon to 

clear a stable ring gap. 
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10.4 Future Research Directions 

To resolve the remaining uncertainties surrounding J1407b, future research must prioritize continuous, 

high-precision photometric monitoring of the host star. Broad-field sky surveys such as the Large Synoptic 

Survey Telescope (LSST at Vera C. Rubin Observatory) and the Transiting Exoplanet Survey Satellite 

(TESS) offer ideal platforms for capturing the onset of subsequent transit events (Rieder and Kenworthy, 

2016). Detecting a second eclipse would definitively constrain the orbital period, eccentricity, and spatial 

orientation of the companion. Furthermore, targeted high-resolution spectroscopic observations using the 

James Webb Space Telescope (JWST) during future transits would enable transmission spectroscopy of 

the ring material, allowing astronomers to directly profile the ice, silicate, and volatile content of an active 

circumplanetary disk for the first time. 

Alongside observational efforts, advanced numerical modeling and multi-wavelength interferometry 

represent essential avenues for future inquiry. Next-generation $N$-body and smoothed-particle 

hydrodynamics (SPH) simulations are needed to model the long-term collisional evolution of the disk, 

accounting for radiative torque from the host star and the drag forces acting on varying particle sizes 

(Kenworthy and Mamajek, 2015). Concurrently, utilizing sub-millimeter arrays such as the Atacama 

Large Millimeter/submillimeter Array (ALMA) to resolve thermal dust emissions around young star 

systems will help identify other candidate "Super-Saturns" in different stages of planet formation. Refining 

these observational techniques and dynamical simulations will establish a robust framework for 

disentangling embedded exomoons from background ring structures, significantly advancing the field of 

extrasolar satellite detection. 

10.5 Final Conclusion 

In conclusion, 1SWASP J140747.93-394542.6 b remains one of the most compelling and benchmark 

candidates for investigating extrasolar circumplanetary environments. Although its absolute nature and 

orbital parameters retain a degree of empirical uncertainty due to single-epoch observation limits, the 

system provides an invaluable theoretical testbed for planetary formation models (Mamajek et al., 2012; 

Kenworthy and Mamajek, 2015). The immense physical scale of the disk, combined with the dynamical 

necessity of retrograde motion for its survival, broadens our understanding of how circumplanetary 

material behaves around high-mass companions. J1407b demonstrates that the physics of planetary 

systems across the galaxy can diverge dramatically from the architecture preserved within our own Solar 

System. 

Ultimately, the structural legacy of J1407b lies in its demonstration that secondary bodies leave distinct 

morphological fingerprints on their immediate environments. Rather than relying solely on direct transit 

detections of small, inherently faint exomoons, astrophysicists can leverage the gaps, shadows, and 

gravitational disturbances imprinted upon circumplanetary dust to infer their presence (Rieder and 

Kenworthy, 2016). These subtle structural disruptions act as tiny cosmic breadcrumbs scattered across the 

disk proving that even the smallest moons can leave undeniably dramatic signatures on a truly grand scale. 
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