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Expanding Uniphiglow: Unified WebGL2 Multiverse
Simulation with Enhanced Features

Multiverse Simulation Modes

Bubble Multiverse Mode: Introduce a mode where multiple independent universes (“bubble universes”)
are rendered side by side, each with its own set of physical constants. In cosmic inflation theory, our
universe is thought of as one bubble in a frothy sea of universes 1 . In this simulation mode, each bubble
universe can have different gravity strength, electromagnetic coupling, entropy level, etc., to reflect distinct
physics in each “pocket” universe. Technically, this can be achieved by subdividing the WebGL canvas or
using viewports to draw separate scenes simultaneously. For example, if two bubble universes are shown,
the canvas can be split into two panels, each running the universe simulation with its own parameters.
More generally, an array of universes (bubbles) could be laid out in a grid or 3D arrangement. Each bubble’s
scene will reuse the same rendering pipeline (stars, planets, nebulae, etc.) but with a unique physics config
for that universe. A UI selector will allow choosing this Bubble Multiverse mode, and possibly adjusting the
number of bubble universes and the constants for each. The result is a side-by-side visualization of parallel
universes, clearly delineated, allowing the user to compare how varying constants affect behavior. For
instance, one bubble might have higher gravity (faster orbital motions), while another has weaker gravity
but stronger electromagnetic effects - giving each a distinct visual character.

Layered Multiverse Mode: In this mode, multiple universes occupy the same space as overlapping layers
of spacetime. Conceptually, this is akin to Many-Worlds quantum interpretations where parallel worlds co-
exist and occasionally interfere. Here, the simulation will stack universes on top of each other, rendering
their contents with slight offsets, transparency, or unique color tinting to differentiate layers. This creates a
composite scene where stars, galaxies, etc., from different universes overlay each other. Crucially, we add
visual and physical interference effects: when the universes overlap, they don't just ignore each other -
they produce interference patterns and chaotic interactions. This draws inspiration from quantum
phenomena: research on “many interacting worlds” suggests that quantum effects could arise from a slight
repulsive interaction between parallel universes 2 . In the simulation, when multiple universe layers
coincide, we can simulate a universal interaction force or field that causes jitter, flicker, or color shifts
where objects from different layers coincide. For example, two stars (one from Universe A, one from B)
passing through the same coordinates might exhibit a burst of light or a swirling distortion (as if the
overlapping of their wavefunctions caused an energy release). We will also visualize quantum fluctuations
and chaos fields between layers - e.g. use Perlin noise or fractal turbulence that flickers at the boundaries
of overlap, indicating regions of instability. Emergent “boundaries” between universes can be shown as
semi-transparent membranes or contour lines where interference is strongest. The Layered mode is more
abstract, emphasizing interferometry and overlay of multiple realities. The UI will allow selecting the
number of layers (perhaps 2 or 3 for clarity) and toggling the intensity of their interaction (a slider for
“Interference Strength” or “Quantum coupling”). This creates an effect where the user sees one cosmos
ghosted on another, with interference ripples and random chaotic events where they intersect.
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New Celestial Object Classes

To enrich the simulation, add several new classes of celestial objects, each with appropriate physics and
visuals, and controls to include them:

« Binary Stars: Pairs of stars that orbit a common center of mass (barycenter). In reality, a binary star
system consists of two stars gravitationally bound together, orbiting their mutual barycenter 3 .
Implementing this means when the simulation spawns a binary star, it actually creates two star
objects with a gravitational link. They should be initialized with proper orbital velocities so that they
stably orbit each other (e.g. per Kepler’s laws for a two-body system). The simulation’s gravity code
can handle their mutual attraction, but to assist, you can spawn them at a fixed distance with
velocities perpendicular to the line between them, balanced by their masses. Visually, a binary star
could be rendered as two stars of potentially different colors/sizes orbiting an invisible midpoint.
Their orbit can be highlighted by a rotating trajectory trail (see Visual section). The UI might provide
a toggle or slider for “Binary Star systems"”, controlling how many binary pairs to introduce. These
binaries will add dynamic motion (they'll whirl around each other) and allow testing the gravity
model at small two-body scales.

Rogue Planets: Planets that do not orbit any star - they drift through space on their own. A rogue
planet is essentially a free-floating planetary-mass object not bound to a star 4 . In the simulation,
a rogue planet can be implemented as a lone planet object given an initial trajectory through the
scene. Without a parent star, it will just travel in a straight line unless acted on by other forces (in
layered mode, perhaps it could wander between universes!). We will spawn rogue planets at random
velocities and positions (perhaps entering from off-screen boundaries), to simulate interstellar
nomads. Physics-wise, they still have gravity, so they could interact if they pass near a star or another
mass (e.g., get captured or slingshot). The UI could allow adding “Rogue Planets” via a checkbox or
number input - e.g. spawn N rogue planets that wander through the simulation. This adds an
element of unpredictability, as these rogue bodies might occasionally pass through a solar system
and perturb it.

Protostars: These are collapsing gas clouds on their way to becoming stars. A protostar is an early-
stage star whose core hasn't ignited fusion yet, and it shines from the heat of gravitational collapse

5 . In the simulation, a protostar object can be treated as a faint, fluffy-looking sphere (perhaps
rendered with a glow or halo) that slowly increases in brightness or mass over time. We could
simulate the accretion disk around it by a subtle spinning disk graphic, and maybe jets if advanced
visuals are desired. Physically, protostars would have significant mass (to gravitationally attract
matter) but maybe a lower temperature/light output initially. Over time in the simulation (if we
include long-term evolution), a protostar's parameters could change - e.g. after some time it
“ignites” into a full star (for simplicity, we could just treat it as a special effect). For user control, a
toggle “Protostars” can enable spawning some fraction of stars as protostars instead (or a separate
slider for number of protostars). Including protostars enriches star formation scenarios - e.g., in a
Star cluster scene, we could have a few protostars in the nebula indicating ongoing formation.

Enhanced Star Clusters: The simulation already includes scenarios like “Cluster” (presumably a local
star cluster). We will enhance star clusters by making them richer and more physically interesting. A
star cluster is a group of hundreds or thousands of stars that are gravitationally bound and formed
together 6 7 .In the upgraded version, star clusters can be rendered with more variation in star
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types (some binary stars inside, some protostars, etc., as above) and perhaps n-body gravity
affecting the cluster's shape over time (i.e. simulate the cluster’s self-gravity, not just a static
distribution). We can also add an interaction radius or collision handling - e.g., if stars in a dense
cluster get too close, maybe they merge or scatter (though full n-body simulation of hundreds of
stars is heavy, we can use a simplified model). “Enhanced clusters” also means visually: perhaps
render a subtle spherical aura or a density gradient to indicate the cluster’s boundary. We might
incorporate a central massive object (like a black hole or just a dense core) to hold the cluster
together, which could be another new object class if desired (e.g., a black hole at cluster center with
star orbits). The UI can still use the “Stars: [count]” slider for clusters, but we might add an “Enhanced
Cluster” toggle that introduces these new behaviors (binary subsystems, central mass, protostars in
cluster, etc.). This makes clusters a more vivid, living system rather than a static sprinkle of stars.

Each of these new object classes comes with full physics integration - meaning they respond to forces
(gravity, etc.) and have effects on other bodies. The simulation's object management will need to
accommodate new properties (e.g., binary stars are two objects linked, protostars might gradually increase
mass). We must also update rendering to display unique visual markers (different colors, halos, etc., for
these objects to distinguish them from normal stars or planets).

Force Interactions and Physics Domains

An exciting part of this expansion is incorporating a wider range of fundamental forces and physics effects
into the simulation. The original Uniphiglow had checkboxes for gravity, electromagnetism, strong, and
weak forces (as a conceptual “field” effect) & . We will build on this so that these forces truly affect object
dynamics and visual effects:

* Gravity: Gravity remains the central force shaping cosmic motion. It is the attractive force between
objects with mass or energy, the one that causes planets to orbit stars and holds galaxies together
9 10 In the simulation, we will continue using a Newtonian gravity model (inverse-square law).
All massive objects (stars, planets, etc.) exert gravity on each other. This means the engine must
handle N-body gravitational interactions. To keep it performant, we might limit full gravity to local
systems (e.g., within one universe or cluster) or use approximation for large N (Barnes-Hut tree or
limiting max acceleration, etc.). Gravity will be always “on” for realism in Universe mode, but the UI
could allow toggling it in more experimental scenarios (as it already does). For the Bubble
multiverse, each universe might have a different gravitational constant or scaling - we can allow
the user to tweak “Gravity strength” per universe (e.g., 1x in one bubble, 2x in another). Visually,
gravity's effects will be seen in orbits and trajectories. If gravity is turned off, objects would fly off in
straight lines, which the user can observe for comparison. We will ensure gravitational interactions
are stable (small integration time-steps for binary stars, etc., to prevent numerical explosion).

* Electromagnetism: The electromagnetic force will introduce charged interactions and possibly
magnetic fields. In reality, electromagnetism acts between charged particles (combining electric and
magnetic forces) " and is responsible for phenomena like light, radiation pressure, and the
structure of atoms 12 . Implementing full electromagnetism in a cosmic simulation is complex (most
celestial bodies are nearly neutral overall). However, we can include EM in a stylized way. For
example, we could assign some objects a “charge” value (positive or negative) and then compute a
Coulomb force between them (similar 1/r? law). This would allow, say, two charged nebula clouds to
repel or attract. Another idea: use electromagnetism for magnetic fields around stars or planets -
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e.g., a spinning neutron star with a magnetic field that traps charged particles (but that might be too
detailed). Instead, a simpler visual manifestation: if EM is enabled, maybe certain particle effects (like
plasma jets or auroras on planets) become active. The simulation could show field lines or a
magnetic “net” visual when toggled. In the Nebula shader, the original code had an “EM field”
component that created a swirling pattern; we will retain such effects to visually indicate
electromagnetic fields. For gameplay, a checkbox “Electromagnetism” can toggle whether to
calculate EM forces between charged bodies. Since most stars and planets won't have a net charge,
we might designate special objects (like “ionized gas cloud” objects or charged particles) that
respond dramatically when EM is on. This adds an extra layer of interactivity: e.g., turning on EM
could make plasma clouds twist into helices or two charged stars spiral around or apart from each
other if given charges. It's a secondary force in astrophysics scale, but fun to include for
completeness.

Strong & Weak Nuclear Forces: These forces operate at subatomic scales but we can represent
their influence abstractly in the simulation for creative effect. The strong nuclear force binds protons
and neutrons in atomic nuclei and is extremely short-range 3 14 . The weak force is responsible
for radioactive decay and particle transformations, also short-range (acting within 10A-18 m) 15 16 |
Obviously, we aren't resolving individual atoms in a galaxy simulation. However, we can use the
concept of these forces to introduce random events or localized bursts: For instance, enabling the
weak force in the UI could allow for spontaneous decay events - perhaps simulate that some
massive unstable object might suddenly “decay” into something else (e.g., a star might go supernova
or emit a burst of particles randomly). Or weak force toggle could simply introduce a random jitter to
objects’ velocities (as if particles decay and give off kicks). The strong force toggle could be
interpreted as a “cohesion” factor for dense objects: if turned off, maybe stars easily fragment or
unstable particles in the nebula fly apart. If turned on, things hold together more firmly. In the
existing Nebula shader, the “strong” field checkbox was used to create a radial inward pull near the
center - we can keep something like that: e.g., strong force on = nebula blobs cluster tighter
(mimicking how the strong force tightly binds cores). While these interpretations are playful, they
give the user extra toggles that affect the simulation in interesting ways. Essentially, strong/weak in
this sim become metaphors for short-range cohesion vs. random decay. We will document these
effects so the user knows, for example, “Weak Force: ON = allow random decay events (random
explosions or particle emissions), Strong Force: ON = extra binding of close objects (less
fragmentation)”.

Quantum Effects: We incorporate quantum phenomena in a heuristic way. Quantum physics at
cosmic scale might seem out of place, but through the Layered multiverse we already include the
idea of interference. Concretely, we can add features like tunneling and uncertainty for small
objects. For example, a rogue planet could occasionally “quantum tunnel” through a star instead of
colliding, if a quantum randomness rule is enabled (basically, with some probability an interaction is
bypassed or an object teleports a short distance - reflecting quantum tunneling behavior). We can
also introduce random quantum fluctuations in space: small random changes in position or
momentum of objects to mimic zero-point energy fluctuations. These would be more noticeable
when the “Quantum Fluctuation” slider (or entropy slider, see below) is high. Another aspect is visual:
use shader effects to show a glitchy shimmer on objects, as if they are a superposition of states. For
instance, draw stars with a slight double image or blur when quantum mode is on, indicating
uncertainty in position. In many-worlds terms, multiple slightly diverged images of the star
overlapping can represent different quantum branches. This ties into the layered multiverse visual as
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well. While we can't truly simulate quantum mechanics, these nods create a feel of quantum
strangeness in the otherwise classical simulation. The UI could offer a “Quantum mode” toggle or
integrate this under the Layered Multiverse setting. It makes the simulation feel more unpredictable
- e.g., two particles might entangle (we could simulate entanglement by making two distant particles
mirror each other's changes when quantum mode is on).

Relativistic Effects: To incorporate relativity, we focus on high-speed and strong-gravity
phenomena. At relativistic speeds, time dilation and length contraction occur, and near massive
bodies, gravitational time dilation and lensing occur. For the simulation, a simpler implementation is
to add gravitational lensing visuals (see Visual Effects section) and possibly time dilation in the
HUD. For example, we could track a “simulation clock” that runs slightly slower for objects deep in a
gravity well (like near a black hole, if we have one). The user could click on an object and the HUD
could show “local time vs global time”. Another effect: if an object’s velocity is set extremely high
(close to light speed), we could apply a blur or color shift (blue shift when coming toward camera, red
shift when receding) to indicate relativistic Doppler effect. We can also limit speeds to below light
speed if we want to be semi-realistic (no instant teleporting across universe). In practice, adding full
relativity is complex, so we implement a few key observable effects: gravitational lensing (light
bending), time dilation (slower progression of some phenomena under strong gravity - e.g.,
perhaps animations or rotations slow down near a massive object), and perhaps gravitational
waves. For gravitational waves, if two massive bodies merge (like binary stars coalescing), we could
visualize a ripple emanating through space (just a radial ripple shader effect on the background).
This could be triggered on big collision events. These touches give a nod to general relativity. The UI
might include a “Relativity” master switch or separate toggles for “Lensing” and “Time Dilation
effects”. Since we already plan a Lens effect toggle (the “Lens Ball” in UI might be repurposed or kept
as separate), we can integrate it: e.g., repurpose the existing Lens toggle to represent gravitational
lensing effect for massive objects (in addition to the current camera lens feature). We will ensure that
turning these on doesn't break performance - e.g., lensing might be a postprocessing shader so it's
manageable.

Interference & Field Modulation: Building on the multiverse layered idea, we introduce
interferometry concepts. This could mean simulating how waves (or fields) overlap and create
patterns. For instance, overlapping gravitational fields from multiple universes could create regions
of constructive or destructive interference - in the simulation, we might modulate brightness or
color where fields overlap. We can also allow the user to adjust “geometry/topology modulation” -
this refers to altering space geometry itself. For example, a toggle for “Non-Euclidean mode” could
introduce a warping of coordinates (so that orbits are not perfect ellipses but perturbed by some
topological twist). This is an advanced concept: one implementation trick could be to apply a slight
noise deformation to positions every frame (making trajectories slightly irregular, simulating a
chaotic space). Another could be to project the simulation onto a different geometry (like a torus for
fun, or hyperbolic space) - but that might be out of scope. Instead, geometric modulation can be
interpreted as e.g. rotating the entire simulation’s coordinate basis periodically or adding sinusoidal
perturbations to object positions (like a ripple in spacetime). Interferometry specifically suggests
using interference of light or energy: perhaps we include an interferometer visualization - for
example, two beams of “light” from different stars interfering. While detailed interferometer
simulation is likely too niche, a simpler approach is to occasionally overlay an interference fringe
pattern on the screen when two powerful energy sources overlap (imagine two supernova



shockwaves overlapping and creating a fringe pattern for a moment). This would be a purely visual
easter egg, triggered under certain conditions or by user command.

Chaos, Entropy and Random Events: Lastly, to simulate entropy increase and chaotic dynamics,
we add randomness and stochastic events. The universe is not static - stars explode (supernovae),
collisions happen unpredictably, etc. We will incorporate an entropy slider in the UI that governs the
rate of random events. At low entropy setting, the simulation is more deterministic and stable; at
high entropy, more chaotic things occur. For example, at high entropy, a star might randomly go
supernova after some time (we can flash it and scatter its mass as smaller particles). Or a rogue
planet might suddenly change trajectory (a random velocity kick as if due to an unseen interaction).
We can use random number generators seeded by this entropy level to periodically trigger events:
e.g., “random meteor shower”, “sporadic gamma-ray burst”, “temporary chaos field that disorients
objects for a few seconds”. These emergent events make the simulation feel alive. We must, however,
balance it so that it's not pure noise - perhaps tie events to entropy in meaningful ways (e.qg., if
entropy slider is linked to the second law of thermodynamics concept, maybe as entropy rises,
systems dissolve: star clusters might evaporate faster, structures break down). This can also be
visualized: increasing entropy could gradually add noise to the graphics (grain, distortion),
symbolizing disorder. The Chaos field might be implemented like the existing “Chaos” parameter in
the nebula shader (which modulates turbulence) 17 18, but now affecting physical events too.
Users can toggle “Chaos Mode"” to see a much less predictable cosmos. This encourages
experimentation - for instance, one might crank entropy up to see a universe with rapid random
transformations, then lower it to return to calm, illustrating conceptually how order vs. chaos affects
a universe.

In summary, all four fundamental forces 19 (gravity, EM, strong, weak) plus quantum, relativistic, and
chaotic effects are to be represented. We won't simulate these with absolute physical accuracy (which is
immensely complex), but rather invoke them in the spirit of a sandbox. The UI will preserve the checkboxes
for Gravity, Electromagnetism, Strong, Weak (as in the original) 8 , and we will extend their functionality
beyond just coloring the nebula - they will influence object behavior as described. Additional sliders/toggles
for things like “Relativity On/Off”, “Quantum Fluctuations”, and “Entropy/Chaos level” will be introduced
under an Advanced Physics section. This gives the user fine control over the physics domain being
simulated at any given time.

UI and Controls Updates

To accommodate the new modes and object types, the UI will be expanded with careful organization so it
remains user-friendly. Key additions and changes include:

* Multiverse Mode Selector: A new control to switch between Single Universe (the original mode),
Bubble Multiverse, and Layered Multiverse. This could be a dropdown menu labeled “Universe
Mode” with options: Single, Bubble Multiverse, Layered Multiverse. Selecting Bubble or Layered will
enable relevant sub-options (like number of bubbles, or number of layers and interference strength).
For example, if Bubble Multiverse is selected, the UI might reveal a submenu allowing configuration
of each universe bubble: perhaps a small table of “Universe 1, Universe 2, ...” with inputs for their
constants (gravity multiplier, EM multiplier, etc.). If Layered is selected, it might show a slider for
“Interference field strength” or a toggle for “Quantum Interference On". The mode selector will
ensure the user can seamlessly switch modes at runtime. When switching, the simulation code will
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reinitialize the world appropriately (e.g., creating multiple worlds or overlaying them). We'll provide a
smooth transition if possible (maybe a short fade-out/fade-in) so it's not too abrupt. This unified
mode control is crucial so the user can explore all scenarios from one interface.

* New Object Toggles/Sliders: For each newly added celestial object type, include UI controls to add
or adjust them:

* Binary Stars: possibly a checkbox “Allow Binary Stars” plus maybe a slider for the fraction of stars that
are binaries. Alternatively, a direct slider “Number of Binary Star systems”. Since binary stars come in
pairs, if this slider is N, we spawn N pairs. We might also allow conversion of existing single stars to
binaries on the fly (spawn a companion). The UI could even have a button “Spawn Binary” that
immediately creates a new binary star in the scene for experimentation.

* Rogue Planets: a slider for number of rogue planets, or a button to “Spawn Rogue” which ejects a
planet into the scene. Possibly an option to randomize their velocity. Because rogues are free agents,
a button might suffice (each click adds one), but a slider (0 to M) could also work for setting an initial
population.

* Protostars: a checkbox “Include Protostars” and/or a slider for how many. If we want them as part of
star count, it could be a percentage: e.g., “Protostar %" of all stars. But simpler: a number slider for
protostars present. The UI might also allow toggling display of protostar info like their stage (maybe
too much detail).

« Star Clusters (enhanced): if the scenario is specifically a star cluster, we might have an “Enhanced
Cluster mode” toggle under that scenario’s parameters. This could turn on the more complex cluster
physics (which might be heavier to compute). Additionally, if a cluster contains a central black hole, a
checkbox “Central Black Hole"” could be offered, etc. For general use, we might not expose
everything; at least a note in UI could say “Star cluster simulation now includes dynamic
interactions”.

These controls will likely live in the “Scene/Scenario” section of the UI or a new section called Objects. For
example, the original UI had a “Standard Objects” panel listing Planets, Moons, Comets, etc. We can extend
that panel (or add a new panel) to list Binary Stars, Rogue Planets, Protostars, etc., each with a slider for
count or checkbox for presence. The design should group them logically (perhaps all star-related controls
together).

+ Physics Domain Controls: We will add UI elements for the new physics parameters like ionization,
metallicity, entropy fluctuation, etc., as mentioned:

* Ionization: Could be a slider 0-100% representing the degree of ionization in nebulae or the
interstellar medium. Higher ionization might make nebulae glow more (since ionized gas emits light
when electrons recombine) and could tie into electromagnetic effects (more free charged particles).
The user can crank this up to simulate a highly ionized nebula (brighter, more plasma-like) or down
to simulate neutral gas. This slider might live under a Nebula/Environment section since it affects
gas clouds.

* Metallicity: A slider that controls the abundance of heavy elements in stars/galaxies. In astrophysics,
metallicity is the fraction of elements heavier than helium 20 . For our purposes, we can use
metallicity to adjust star colors and lifetimes: high metallicity stars might be more reddish and have
more planetary debris disks (just an illustrative effect), whereas low metallicity stars are often bluer
and have fewer planets. We can also influence the likelihood of planetary systems: e.g., a high
metallicity setting could increase the number of planets that spawn around stars (since heavy
elements form planets). This slider might be placed in a Stellar Properties section or under
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Advanced. Changing it during runtime could optionally regenerate star properties. We should also
reflect it in visuals: e.g., an info display could say “Universe 1 Metallicity: [value]” and we might tint
the average star color accordingly (because metal-poor stars tend to be bluer, metal-rich slightly
more yellow/red).

Entropy Fluctuation: Possibly label this as “Chaos Level” or “Random Events frequency”. This slider will
control the intensity/frequency of the emergent random events as discussed. It might live under a
Physics or Advanced panel. Setting it to zero means a deterministic, calm universe (no surprise
supernovae); setting it high means expect lots of randomness. We can default it to a moderate value.
The Ul value can be fed into the simulation as a parameter that various subsystems check (e.g., each
frame, chance of event = entropy value * constant). We will likely label it in a user-friendly way, e.g.,
“Entropy Fluctuation” with a tooltip “Higher values cause more random chaotic events (supernovae,
collisions, etc.)".

Other parameters: If time permits, we might also include “Ionization energy” or “Magnetic field
strength” as sliders if those are part of the simulation variables. The Nebula fog controls already
include “Mag Field” and “Chaos” which we will keep 21 22 - possibly those actually correspond to
some of these concepts. In fact, Mag Field slider exists (controlling nebula magnetism in shader)
and Chaos slider exists, so we may repurpose or clarify those. We should integrate the new physics
with those controls to avoid redundancy (e.qg., if “Chaos” in the fog panel correlates with our entropy
concept, we explain/link them or unify them).

HUD Overlays for Stats: The simulation will display a HUD (heads-up display) with real-time stats
and cosmic condition readouts. The existing HUD in Uniphiglow was used to show messages or
debugging info (like shader compile errors or a fun text) 23 24 . We will expand it to show useful
simulation data:

« Display the current simulation time or tick count (and possibly the time dilation factor if relativity is
on).

* Show the number of each object present: e.g., “Stars: 150 (including 5 binaries), Planets: 40, Rogue
Planets: 2, Black Holes: 1..." etc. This gives the user feedback on what's in the scene.

« If in Bubble Multiverse mode, show a summary per universe: e.g., “Universe A - Gravity 1.0x, EM
0.5x, 50 stars; Universe B - Gravity 2.0x, EM 1.0x, 50 stars” so the user knows each bubble’s settings.
We could have the HUD cycle through each universe’s stats or list side by side if space allows.

« If in Layered mode, show maybe an “Interference index” or just note how many layers and the
interference strength. Possibly also display the degree of misalignment between layers (if we allow
layers to drift relative to each other).

« Cosmic conditions: We can output values like average entropy, average metallicity, etc., especially if
those vary per universe. For instance, “Entropy: High” or “Metallicity: 0.8 (above solar)".

 Frame rate or performance can optionally be shown (for debugging).

The HUD should remain non-intrusive - small font, corner of screen (the original is top-left by default). The
text could be multiline. We might integrate it into the existing HUD element (which currently is a  <pre>
style text). Since the original had a fixed message area, we'll just update it every few seconds or when
something notable changes. For example, when a random event (chaos) occurs, we could print a line like
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“Supernova occurred in Galaxy 2!". This adds excitement and informs the user of events they might miss
visually. If too much text, perhaps allow the HUD to scroll or limit lines and overwrite old ones.

* Reorganized Layout: Given many new controls, we'll organize the UI into collapsible panels (the
original uses  <details> sections as seen in the combo interface 25 26 ). We will follow that
pattern:

* A panel for Scene/Scenario Selection (as exists) - we'll add the Multiverse mode selection here or
just below scenario selection.

+ A panel for Object Counts & Types (expanding the “Standard Objects” panel to include new objects).

* A panel for Forces/Physics - the original had a “Forces” section 27 . We will enhance it or add an
Advanced Physics section that includes Relativity, Quantum, Entropy, etc., while the basic forces
checkboxes remain perhaps in a basic section.

* The Nebula Fog panel remains (with Hue, Density, etc.) 28 29 . We might add “Ionization” here if it
directly affects nebula rendering (ionization could influence nebula brightness or color).

« A Camera/Lens panel remains (with camera distance, FOV, and lens effect) 30 . We will likely keep
the “Lens Ball” toggle as a separate fun effect (which acts like a fisheye lens). Additionally, we can
include a toggle here for “Gravitational Lensing visuals” if we separate that from the camera lens.
Alternatively, reuse the lens controls for gravitational lens effect by linking the “Lens Strength” to
gravitational lens intensity around massive objects (just an idea: e.g., if user turns on Lens Ball, we
instead apply a shader that lenses around mass positions rather than center screen).

We will ensure the UI remains scrollable and not too overwhelming by default. Collapsible <details>
sections help - for instance, group all advanced settings (quantum, relativity, etc.) into a collapsed panel so
casual users aren't intimidated, while advanced users can expand it. All new controls will have labels and
possibly tooltips (using the title attribute or a help section) explaining their function.

* Preserving Prior UI Features: All prior controls and scenarios will be retained, just augmented. For
instance, the Reset button remains to reset parameters, the Save PNG button remains to capture
screenshots, and the Shuffle Nebulae button stays for randomizing nebula placement 3" (that one
shuffles the procedural nebula positions). We will integrate the new features such that they don't
break these existing ones. For example, Reset will need to reset new parameters to defaults too. The
“Scenario” dropdown now will include not just Galaxy, Solar, etc., but possibly an entry for the new
modes (or we use separate control for mode as noted). We'll clarify how Scenario and Mode interact:
perhaps if you choose a scenario that implies Single Universe, it auto-switches mode. Alternatively,
separate them cleanly: Scenario selects the content (Solar System vs Galaxy etc.), and Mode selects
how it's displayed (single vs multiverse). We should allow combination (e.g., Bubble multiverse of
Solar System vs Galaxy? That could mean two universes each containing one solar system and one
galaxy? That might be confusing, so likely Mode overrides scenario selection or vice versa - we'll
define it such that if multiverse mode is on, the “Scenario” might be fixed to a certain type, like each
bubble runs the same scenario or a set of scenarios).

Overall, the UI will become a comprehensive control panel where users can fine-tune nearly every aspect of
the simulation - from the macro (switching universes) to the micro (adjusting ionization). We'll follow the
established styling: consistent sliders with value readouts, checkboxes for toggles, etc., so it feels like a
natural extension of Uniphiglow's interface. Proper labeling and grouping will make it navigable despite the
added complexity.
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Visual Effects Integration

The visual presentation will be upgraded to incorporate the new phenomena while keeping the aesthetic of
the original (foggy nebula glows, vibrant colors, etc.). Key visual enhancements include:

* Nebula Glow Overlay: The trademark foggy nebula aura from Uniphiglow (the chromatic glow
overlay inspired by cosmicegg) will be retained 24 . In fact, this overlay will now be applied across all
modes - single or multiverse. For multiple universes, we might consider giving each universe's
nebula a slightly different hue to distinguish them. For example, Universe A's nebula clouds could be
bluish, Universe B's greenish, etc., reflecting different fundamental constants. The existing
implementation uses a WebGL fragment shader to draw an additive nebula effect with adjustable
hue, density, magnetism, chaos, etc. 32 . We will integrate that shader so that it draws per universe if
in bubble mode (perhaps rendering it in each panel region) or as one combined overlay if universes
overlap (layered mode). In layered mode, potentially multiple nebula layers overlap too, which could
create even more complex color patterns - possibly very beautiful, but we need to avoid just
washing out everything. We can address that by scaling down the nebula intensity or blending the
layers differently in layered mode (maybe using the “overlay” or “screen” blend modes which the
combo version UI offered 33 ). The UI fog controls remain active to let the user tune the glow. This
consistent fog lends continuity between the old and new simulation - the cosmic scenes will still
have that ethereal nebula vibe that Uniphiglow is known for. We'll ensure performance by rendering
the nebula as a fullscreen post-process (as done before) and updating its uniforms each frame (hue,
chaos, etc.). The new forces (Gravity, EM, etc.) were already affecting the nebula shader’s field
pattern; now with objects present, we might also consider letting massive objects perturb the nebula
glow (for example, a moving star could push the nebula gas around - though that could be complex,
perhaps a simpler approach: sample the gravitational field of objects and feed it into the nebula
shader’s fieldStrength function). This would visually tie the nebula motion to the actual masses,
making the glow respond when, say, a black hole passes through (it could drag the nebula swirling
with it). These are optional embellishments to consider.

Orbit Planes and Trajectory Trails: All moving bodies (planets, stars, etc.) will have the option to
display their orbital planes and trails, which greatly helps visualize motion. In fact, the existing
simulation code already supports drawing trajectory trails and circular orbit planes for bodies
(there were | trajChk  and planeChk toggles) 34 . We will expose these features in the UI in a
clear way (likely via checkboxes “Show Trajectories” and “Show Orbit Planes”, defaulting to on for
educational value). The trajectory trail of a body is a line tracing its recent path. We can implement
it by storing a history of positions for each object and drawing line segments between them (the
prior code did this efficiently with a line vertex buffer updated each frame 35 ). The trail length can
be adjustable by a “Trail Length” slider (as seen in the code) 36 - we will keep that slider, allowing
the user to decide how long the path appears. Visually, trails could fade out (older segments drawn
dimmer) to indicate direction of travel. The orbit plane is an imaginary flat disk in which an object
orbits (especially useful for planets orbiting a star). The simulation can draw this as an ellipse or
circle projected in 3D. The existing implementation computed a plane from the angular momentum
of the orbit 37 and drew a circle. We will refine it if needed: for a binary star, draw the shared orbital
plane, etc. These planes will be drawn as semi-transparent discs or wireframe circles (perhaps in a
distinctive color or slight glow). They help users see the tilt of orbits and how multiple orbits align or
differ (e.g., in a solar system, all planet planes might be roughly aligned - we can demonstrate that;
if a rogue planet comes in, its plane might be random). These visuals will be updated in real-time as
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orbits evolve (though most orbits are stable unless forces change them). In layered multiverse, orbit
trails/planes from different universes might overlap confusingly; possibly we give each universe a
color tint for its trails (e.g., Universe 1 trails are cyan, Universe 2 magenta) to differentiate, matching
perhaps the nebula hue difference. The user can always turn them off if it's too cluttered. This
feature enhances understanding of dynamics - for example, one can watch a binary star’s two trails
chasing each other, or see a rogue planet’s trajectory as it swings by a star.

Gravitational Lensing and Field Ripple Effects: Massive objects will produce visual distortions of
background light - essentially a gravitational lensing effect. This can be implemented as a post-
processing shader that warps the rendered image based on mass concentrations. For example,
around each star or black hole, we define a distortion region that bends pixels behind it. The original
code already had a “Lens ball” shader (for the user-controlled lens effect) 38 . We can adapt that
concept: instead of a fixed lens at the center, tie it to objects. One strategy is to render the scene to a
texture, then for each massive object, render a small distortion (like a magnifying glass) at that
object’s position proportional to its mass. This would create the characteristic ring-like warps
(Einstein rings or arcs) if an object aligns with background galaxies. We have to be careful to not
overdo it; perhaps only very massive bodies (black holes, neutron stars, maybe big stars) produce
noticeable lensing. The lensing shader can use parameters like radius (size of lens effect) and
strength. For example, a black hole might have a strong, tight lens (like bending light into a ring),
whereas a normal star has a very subtle lens effect. Visually, the user might see background starfield
or nebula distorted around the object - a subtle “mirage” effect. This adds a wow factor and also
communicates relativity visually.

Massive galaxy cluster creating a gravitational lens “smiley face” effect, where light from background galaxies is
bent into arcs around the cluster (analogous to how heavy objects would distort light in our simulation) 39 .

To illustrate, the image above shows how a cluster’s gravity warps the images of farther galaxies into arcs
39 . In the simulation, enabling lensing would reproduce similar distortions for bright background features
when a massive body is in front. We will allow the user to toggle lensing on/off (since it's a somewhat
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expensive effect). The field ripple effects refer to visualizing fields like gravitational waves or magnetic
fields. For gravitational waves, as mentioned, a ripple shader or expanding concentric wave can be emitted
when, say, two stars collide or a supernova happens - a quick ripple propagating outward across the screen
(maybe just distorting the background starlight slightly as it passes). For magnetic or EM fields, we could
visualize field lines or pulses - e.qg., if a pulsar (neutron star) is included, it could emit periodic flashes or a
rotating beam. We might not have that specifically, but as a general effect: if EM forces are active, perhaps a
faint grid or aurora-like curtain could be rendered to indicate field presence. Another idea is “field line
glow"”: charged particles in orbit produce synchrotron radiation - we can simulate this by drawing spiraling
glow around certain trajectories if EM is on. However, to keep it simpler, we will likely stick to shader-based
ripples and lens distortions to show intense fields. Also, topological effects (if any, as per earlier idea) could
be visualized by subtly changing the shape of space - e.g., if we simulate a non-Euclidean geometry,
straight lines might appear curved. This is quite abstract, but a visual indicator could be a grid projected in
space (like a wireframe grid) that visibly bends if topology changes. For example, turning on a “warp” could
animate a grid warping on screen, indicating space curvature.

* Energy Bursts and Particle Effects: With the introduction of emergent events and high-energy
interactions, we will add appropriate particle effects to represent them. For instance:

* When a star goes supernova (whether triggered by a high entropy random event or a collision in a
binary pair), we can create a flash (a bloom of light) and then an expanding cloud of particles/debris.
The particles could be represented as many small colored points (or textured sprites) moving
outward rapidly, fading over time. We can use WebGL instanced particles for performance if needed.
The debris could also become new “rogue” objects (maybe too detailed, likely just visual).

* When two universes interfere strongly in layered mode, perhaps an “energy burst” occurs at the
interference region - we could show a lightning-like flash or a shockwave. For example, a chaos
event where layers “rub” could emit a quick spark or a unique particle (like exotic “dimension
particle”). This is fanciful but adds drama.

* Collisions between large bodies (planet-planet or star-star) should have an effect: at the moment of
impact or merger, we spawn a burst of particles and maybe a lensing ripple (since it's a huge energy
release). If a black hole is involved, maybe a quick accretion disk flare (we could draw a ring that
flares and vanishes).

* Lens flares and lighting: We can also enhance bright objects with lens flare effects (glints,
diffraction spikes) for more visual appeal. For instance, if a binary star system merges, a bright flash
with lens flare could occur, then fade.

« Cosmic rays or jets: If we want to show strong EM events, we might include jets (like bipolar jets
from protostars or black holes). These could be rendered as thin beams shooting out along an axis.
For example, a protostar could have jets drawn as faint cone of particles along its rotation axis 40

41 | If the user enables an “Astrophysical jets” option (maybe tied to strong force or magnetism
toggles), then whenever a star undergoes collapse or a black hole is present, we draw jets.

All these effects make the simulation more visually rich. We have to integrate them in the rendering loop
carefully so as not to drop frame rates. Many can be done with particle systems updated on the GPU. We
might employ techniques like only simulating particles for a short duration (e.g., let them live 2-3 seconds
for a burst then remove them). Also, ensure that when effects happen, they don’t overwhelm the view (e.g.,
auto-adjust brightness or fade out nebula temporarily during a bright flash).

Finally, we will maintain the performance by balancing quality and quantity of visuals. WebGL2 gives us
shader capability for many of these, but too many particles or full-screen effects could slow things down.
We will test with various toggles on to find a reasonable default setting that looks great but runs smoothly
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on typical hardware. Users can always reduce counts (e.g., fewer stars, shorter trails) if needed. Also, we will
provide the single standalone HTML file with all assets inlined (shaders as script strings, etc.) so it's easy to
open and run.

Unified Implementation & Delivery

All the above features will be implemented into a single standalone HTML file using WebGL2. This means
the HTML will contain the canvas, all necessary scripts (embedded or in | <script> tags), and any shader
code as strings - no external dependencies. We'll merge the functionalities of prior separate demos (the
universe simulation, the nebula overlay, etc.) into one cohesive codebase.

Integration of Prior Features: The existing Uniphiglow simulation scenarios (Galaxy, Solar System, Cluster,
Cosmos, Uniphi, etc.) will be integrated with the new modes. We won't lose any existing scenario - instead,
the mode selection augments them. For instance, if the user selects “Galaxy” scenario in single-universe
mode, they get the classic galaxy simulation (with stars orbiting galaxy center, etc.). If they switch to Bubble
multiverse mode while “Galaxy” is selected, we could spawn two or more galaxy simulations side by side
(each possibly with different parameters). This requires that our code is flexible: essentially, we might
instantiate multiple World objects (each akin to the original world simulation, containing bodies, updating
physics). The renderer would loop over each world and render its contents in a portion of the canvas.
Similarly, layered mode might instantiate worlds that share the same space coordinates but are stored
separately for physics if we want them not interacting (except via our interference logic). We have to
carefully synchronize time steps for all worlds. We also need to manage more objects now (since in bubble
mode, total objects = objects per universe * number of universes). We'll optimize by perhaps lowering
counts per universe when many universes are used (the Ul can hint at this, or we simply trust the user to
adjust counts).

Code Structure: The single HTML will include all class definitions and functions needed. For example, a
World  class to encapsulate a universe simulation (stars, etc.), an update loop for physics, a render
function for drawing. We'll likely use multiple WebGL programs: one for rendering celestial bodies (points or
spheres), one for nebula post-process, one for lensing post-process (if used). We will share the canvas and
context but switch framebuffers/shaders as needed. The UI event handlers (sliders, checkboxes) will call
functions to update uniforms or object properties in real-time, as per the pattern in the existing code 42 .

Performance Considerations: We will leverage WebGL2 features for performance: - Use instanced
drawing or single draw calls for many objects where possible. For example, drawing hundreds of stars as
points can be done in one call if their positions are in buffers (the original code’s ' uploadBodies()

suggests it was batching positions and colors of bodies into a buffer and drawing them together 43 ). We'll
continue that approach, possibly extending it to different object types by using different shapes or point
sizes. - Manage the update loop to maintain interactive frame rates. We may use a dynamic time-step that
slows if needed. Also, allow pausing or throttling the simulation (maybe a pause button could be added for
inspection). - The multiverse bubble mode can use multiple viewports: WebGL2 can set | gl.viewport to
draw each universe in a portion of the screen. Alternatively, simpler is to use the canvas CSS to split and use
scissors, but we can just partition in code. We'll likely draw one, adjust viewport, draw second, etc. This
effectively halves (or more) the resolution per universe, which helps performance if each is complex. - For
layered mode, since everything is overlapping, we'll draw all objects in one combined scene for visual
overlay. But for physics separation, we might still keep separate world data and just draw them with
blending. Or, a trick: we could assign a blending function such that each layer's objects render semi-
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transparently. This way their overlaps naturally brighten (which could simulate some interference
brightness). We have to be careful with depth buffering in layered mode - probably disable depth test when
drawing different layer’s objects, so they don't occlude each other (or else they exist in same space and
would conflict). This results in a ghost overlay effect as intended. - Memory: One HTML file may become
large especially if we embed any images or heavy code. But since most of our visuals are procedurally
generated (shaders), we actually don’t have large media assets. The code might be a few thousand lines at
most, which is fine in one HTML. Shaders are small strings. The biggest might be an optional star texture or
glow sprite if we use one (we could embed it as Base64 if needed, or use a simple generated circle in
shader). - We will ensure the app detects WebGL2 support and falls back gracefully if not (at least show an
alert, as currently done 44 ). - Throughout integration, we'll test each combination of features to iron out
bugs (e.g., ensure that turning on all four forces at once with max entropy doesn't produce a sim meltdown
- if it does, we might impose some limits in code for stability). - The styles (CSS) of UI will be updated if
needed to accommodate more controls (maybe smaller font or more compact sliders if too many). We will
preserve the visual theme: dark translucent background for the UI panel, bright text, colored accents for
interactive elements, as in original 45 46 .

Delivery: The final deliverable is a single HTML file, which one can open in a browser to run the simulation.
It will contain: - The canvas ( <canvas id="gl">).-The HUD  <div> and UI <div> |with all the controls
(as per extended layout). -  <script>  sections: one for the main JavaScript (initializing WebGL, defining
classes, loading scenarios, event handlers) and possibly type="x-shader" script tags for embedding shader
source (or we can keep shaders as ]S template strings as done in code). - All code for physics (gravity
calculations, etc.) and rendering routines inside.

Because it's standalone, a user just needs that file and a WebGL2-capable browser. We should provide some
basic instructions in comments or a small on-screen help (the HUD already has a line about controls in one
version 47 - e.g., "WASD/mouse to navigate”). We'll update those instructions if needed (especially if new
controls like mode selector are added, maybe mention “Select Multiverse modes from the dropdown above”
in the HUD note).

By unifying the simulation in one place, users can seamlessly move from exploring a single universe to
experimenting with bubble multiverses and layered realities, all while introducing new objects and
observing the effects of various physical forces. The result will be a feature-rich, interactive WebGL2
simulation that serves as both an educational sandbox for cosmic physics and a visually stunning “universe
playground” - all accessible from one HTML page.

1 Is the Universe a Bubble? - Physicists Work on the Multiverse Hypothesis
https://scitechdaily.com/universe-bubble-physicists-work-multiverse-hypothesis/

2 Quantum Phenomena Modeled by Interactions between Many Classical Worlds | Phys. Rev. X
https://journals.aps.org/prx/abstract/10.1103/PhysRevX.4.041013

3 What are binary stars? | Space
https://www.space.com/22509-binary-stars.html

4 Rogue planet | Definition, Examples, & Facts | Britannica

https://www.britannica.com/science/rogue-planet
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5 40 41 Protostar - Las Cumbres Observatory
https://Ico.global/spacebook/stars/protostar/

6 7 What are star clusters? | Space

https://www.space.com/star-clusters

8 17 18 23 24 31 32 44 45 46 yniphiglow_fixed.html
file://file-AN6CVEBNrod8CPo1LZGDZR

9 10 11 12 13 14 15 16 The Four Fundamental Forces of Nature | Space

https://www.space.com/four-fundamental-forces.html

19 Forces - NASA Science

https://science.nasa.gov/universe/overview/forces/

20 Metallicity - Wikipedia
https://en.wikipedia.org/wiki/Metallicity

21 22 25 26 27 28 29 30 33 38 yniphiglow_combo_fog.html
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34 35 36 37 42 43 47 un|ph|g|owhtm|
https://github.com/spectra-gallery/arquolab-sandbox-models/blob/367ef2574f0c28e09c9280a03f13de1511f8d85e/static/hmode/
uniphiglow.html

39 Hubble Gravitational Lenses - NASA Science

https://science.nasa.gov/mission/hubble/science/science-behind-the-discoveries/hubble-gravitational-lenses/
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