COSMIC WEB DYNAMICS

UNRAVELING THE UNIVERSE'S GRAND DeSIGN: ExpLORING CosMic WEB DYNAMICS

COSMIC WEB DYNAMICS REPRESENT ONE OF THE MOST PROFOUND AND CAPTIVATING AREAS OF MODERN COSMOLOGY, OFFERING A
GLIMPSE INTO THE UNIVERSE'S LARGE-SCALE STRUCTURE AND ITS ONGOING EVOLUTION. IMAGINE THE UNIVERSE NOT AS A
UNIFORM EXPANSE, BUT AS AN INTRICATE, INTERCONNECTED NETWORK OF MATTER, A COSMIC TAPESTRY WOVEN FROM
GALAXIES, CLUSTERS, AND VAST VOIDS. THIS ARTICLE WILL DELVE DEEP INTO THE FORCES AND PHENOMENA THAT SHAPE THIS
GRAND COSMIC WEB, EXPLORING HOW GRAVITY, DARK MATTER, AND DARK ENERGY ORCHESTRATE THE BALLET OF CELESTIAL
BODIES OVER BILLIONS OF YEARS. WE WILL EXAMINE THE ORIGINS OF THIS STRUCTURE, ITS KEY COMPONENTS, AND THE
CUTTING-EDGE TECHNIQUES SCIENTISTS EMPLOY TO STUDY ITS EVER-CHANGING NATURE, ULTIMATELY UNRAVELING THE SECRETS
OF OUR UNIVERSE'S MONUMENTAL ARCHITECTURE.
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THe Genesis oF THE Cosmic WEB

THE STORY OF THE COSMIC WEB'S FORMATION IS INTRICATELY LINKED TO THE EARLIEST MOMENTS OF THE UNIVERSE,
SPECIFICALLY THE INFLATIONARY EPOCH AND THE SUBSEQUENT BIG BANG. IN THE AFTERMATH OF THE BIG BANG, THE UNIVERSE
WAS A HOT, DENSE PLASMA FILLED WITH QUANTUM FLUCTUATIONS — TINY, RANDOM VARIATIONS IN ENERGY DENSITY. THESE
MINUSCULE IMPRINTS, STRETCHED TO COSMIC PROPORTIONS BY INFLATION, SERVED AS THE PRIMORDIAL SEEDS FOR ALL
STRUCTURE WE OBSERVE TODAY. OVER VAST TIMESCALES, GRAVITY BEGAN TO ACT UPON THESE SLIGHTLY DENSER REGIONS,
PULLING IN SURROUNDING MATTER. THIS RELENTLESS GRAVITATIONAL PULL, COUPLED WITH THE INHERENT EXPANSION OF THE
UNIVERSE, SET THE STAGE FOR THE FORMATION OF THE COSMIC \WEB.

THINK OF IT LIKE A COSMIC PRESSURE COOKER. | HOSE INITIAL, TINY OVERDENSITIES IN THE EARLY UNIVERSE WERE LIKE
MINUSCULE HOT SPOTS THAT BEGAN TO EXPAND AND COOL. AS THEY COOLED, MATTER STARTED TO CLUMP TOGETHER,
ATTRACTED BY ITS OWN GRAVITY. THE UNIVERSE, HOWEVER, WASN'T STATIC; IT WAS EXPANDING. THIS EXPANSION
PREVENTED A UNIFORM COLLAPSE, INSTEAD GUIDING THE CLUMPING PROCESS INTO A FILAMENTARY STRUCTURE. THE DENSER
REGIONS ATTRACTED MORE AND MORE MATERIAL, FORMING LONG, THREAD-LIKE FILAMENTS, WHILE THE LESS DENSE REGIONS
BECAME VAST, EMPTY VOIDS. THIS PROCESS, DRIVEN BY GRAVITY AND THE INITIAL QUANTUM FLUCTUATIONS, IS THE
FUNDAMENTAL ORIGIN STORY OF THE COSMIC WEB.

Key CoMPONENTS oF THE CosMic WEs

THE COSMIC WEB IS NOT A HOMOGENOUS ENTITY BUT RATHER A COMPLEX, HIERARCHICAL STRUCTURE COMPOSED OF SEVERAL
DISTINCT ELEMENTS, EACH PLAYING A CRUCIAL ROLE IN ITS DYNAMICS. (UNDERSTANDING THESE COMPONENTS IS KEY TO GRASPING
THE OVERALL ARCHITECTURE OF THE UNIVERSE.



FiLAMENTS: THE GALACTIC HIGHWAYS

FILAMENTS ARE THE LONGEST AND MOST PROMINENT STRUCTURES WITHIN THE COSMIC WEB. THESE ARE VAST, THREAD-LIKE
ARRANGEMENTS OF GALAXIES AND DARK MATTER THAT STRETCH FOR HUNDREDS OF MILLIONS OF LIGHT-YEARS. THEY ARE
ESSENTIALLY THE COSMIC HIGHWAYS ALONG WHICH GALAXIES TRAVEL, CONNECTING MORE MASSIVE STRUCTURES. GALAXIES
ARE NOT RANDOMLY DISTRIBUTED, THEY TEND TO CONGREGATE WITHIN THESE FILAMENTS, DRAWN BY THE IMMENSE
GRAVITATIONAL PULL OF THE DARK MATTER THAT DOMINATES THESE STRUCTURES. STUDYING THE DENSITY AND DISTRIBUTION
OF GALAXIES WITHIN FILAMENTS PROVIDES CRITICAL INSIGHTS INTO THE UNDERLYING DARK MATTER SCAFFOLDING.

CrusTers: THE COSMIC JUNCTIONS

AT THE INTERSECTIONS OF MULTIPLE FILAMENTS LIE GALAXY CLUSTERS. |HESE ARE THE LARGEST GRAVITATIONALLY BOUND
STRUCTURES IN THE UNIVERSE, CONTAINING HUNDREDS OR EVEN THOUSANDS OF GALAXIES, ALONG WITH VAST AMOUNTS OF
HOT GAS AND DARK MATTER. CLUSTERS ARE THE NODES OF THE COSMIC WEB, ACTING AS COSMIC GATHERING POINTS WHERE
GRAVITATIONAL FORCES ARE STRONGEST. THE DYNAMICS WITHIN CLUSTERS ARE PARTICULARLY INTERESTING, AS GALAXIES
WITHIN THEM ARE IN CONSTANT MOTION, ORBITING THE COMMON CENTER OF MASS AND OCCASIONALLY COLLIDING OR MERGING,
CONTRIBUTING TO THEIR EVOLUTION AND THE OVERALL EVOLUTION OF THE WEB.

Voips: THE CosMIc DESERTS

THE VAST, UNDERDENSE REGIONS OF SPACE SEPARATING THE FILAMENTS AND CLUSTERS ARE KNOWN AS VOIDS. THESE ARE
IMMENSE, NEARLY EMPTY EXPANSES, CONTAINING VERY FEW GALAXIES AND SIGNIFICANTLY LESS DARK MATTER. VoIDS CAN SPAN
HUNDREDS OF MILLIONS OF LIGHT-YEARS AND REPRESENT THE OPPOSITE EXTREME OF THE COSMIC WEB'S DENSITY DISTRIBUTION.
W/HILE SEEMINGLY EMPTY, THEY ARE CRUCIAL FOR UNDERSTANDING THE OVERALL COSMIC STRUCTURE, AS THEIR SIZE AND SHAPE
ARE DIRECTLY RELATED TO THE DISTRIBUTION OF MATTER IN THE SURROUNDING FILAMENTS AND CLUSTERS. THE EMPTINESS OF
VOIDS HIGHLIGHTS THE CLUMPY , NON-UNIFORM NATURE OF THE UNIVERSE.

W/ ALLS AND SHEETS: INTERMEDIATE STRUCTURES

BETWEEN THE DENSE FILAMENTS AND THE VAST VOIDS ARE INTERMEDIATE STRUCTURES LIKE WALLS AND SHEETS. THESE ARE
FLATTENED, PLANAR ARRANGEMENTS OF GALAXIES THAT FORM BOUNDARIES BETWEEN VOIDS. THEY ARE LESS DENSE THAN
FILAMENTS BUT MORE SO THAN VOIDS, REPRESENTING A TRANSITIONAL STAGE IN THE COSMIC WEB'S ARCHITECTURE. THESE
STRUCTURES ARE OFTEN POPULATED BY SMALLER GROUPS OF GALAXIES AND ARE CONSIDERED CRUCIAL IN THE PROCESS OF
MATTER ACCRETION ONTO THE LARGER FILAMENTS AND CLUSTERS.

THe Forces DrivING CosMic WEs DyNAMICS

THE BREATHTAKING STRUCTURE OF THE COSMIC WEB AND ITS CONTINUOUS EVOLUTION ARE PRIMARILY DICTATED BY A BATTLE
BETWEEN FUNDAMENTAL FORCES: GRAVITY, WHICH PULLS MATTER TOGETHER, AND THE EXPANSION OF THE UNIVERSE, WHICH
STRETCHES IT APART. THE INTERPLAY BETWEEN THESE FORCES SCULPTS THE COSMOS OVER EONS.

THe DOMINANCE OF GRAVITY

GRAVITY IS THE UNDISPUTED ARCHITECT OF THE COSMIC WEB. TS PERVASIVE INFLUENCE, EMANATING FROM EVERY PARTICLE OF
MATTER, ACTS AS THE PRIMARY SCULPTOR OF LARGE-SCALE STRUCTURES. DENSER REGIONS OF THE EARLY UNIVERSE, SEEDED BY



QUANTUM FLUCTUATIONS, POSSESSED SLIGHTLY STRONGER GRAVITATIONAL FIELDS. THESE STRONGER FIELDS ATTRACTED MORE
MATTER, LEADING TO THE GRADUAL FORMATION OF THE FILAMENTS AND CLUSTERS WE OBSERVE TODAY. GRAVITY IS
RESPONSIBLE FOR DRAWING GALAXIES INTO GROUPS AND CLUSTERS AND FOR HOLDING THESE MASSIVE STRUCTURES TOGETHER,
COUNTERACTING THE UNIVERSE'S EXPANSION ON LOCAL SCALES.

THe RoLE oF DARK MATTER

PERHAPS THE MOST CRITICAL, YET INVISIBLE, PLAYER IN COSMIC WEB DYNAMICS IS DARK MATTER. THIS ENIGMATIC SUBSTANCE,
WHICH CONSTITUTES ABOUT 850/0 OF THE UNIVERSE'S MATTER CONTENT, DOES NOT INTERACT WITH LIGHT AND IS THEREFORE
UNDETECTABLE BY CONVENTIONAL TELESCOPES. HO\X/EVER, ITS GRAVITATIONAL INFLUENCE IS IMMENSE. DARK MATTER ACTS AS
THE INVISIBLE SCAFFOLDING UPON WHICH THE VISIBLE COSMIC WEB IS BUILT. |IT CLUMPS TOGETHER FIRST, FORMING
GRAVITATIONAL POTENTIAL WELLS THAT THEN ATTRACT ORDINARY BARYONIC MATTER (PROTONS, NEUTRONS, AND ELECTRONS
THAT MAKE UP STARS, PLANETS, AND GAS). W ITHOUT DARK MATTER, THE STRUCTURES WE SEE TODAY WOULD NOT HAVE HAD
ENOUGH TIME TO FORM SINCE THE BIG BANG.

THE INFLUENCE OF DARK ENERGY

W/HILE GRAVITY WORKS TO PULL MATTER TOGETHER, DARK ENERGY, A MYSTERIOUS FORCE CAUSING THE ACCELERATED
EXPANSION OF THE UNIVERSE, ACTS IN OPPOSITION. IN THE EARLY UNIVERSE, GRAVITY DOMINATED, ALLOWING STRUCTURES TO
FORM. HO\X/EVER, AS THE UNIVERSE EXPANDED AND MATTER BECAME MORE DILUTED, THE INFLUENCE OF DARK ENERGY BEGAN TO
ASSERT ITSELF, CAUSING THE EXPANSION TO SPEED UP. THIS ACCELERATED EXPANSION PLAYS A SIGNIFICANT ROLE IN THE LONG-
TERM EVOLUTION OF THE COSMIC WEB. |T CAN EVENTUALLY TEAR APART THE LARGEST STRUCTURES, PREVENTING THE
FORMATION OF EVEN LARGER SUPERCLUSTERS AND CAUSING THE VOIDS TO GROW EVEN LARGER OVER COSMIC TIME.

OBSERVATIONAL ProBes ofF THE Cosmic WEB

UNVEILING THE INTRICATE DETAILS OF THE COSMIC WEB IS A MONUMENTAL TASK THAT REQUIRES SOPHISTICATED
OBSERVATIONAL TECHNIQUES. SCIENTISTS EMPLOY A VARIETY OF METHODS TO MAP ITS STRUCTURE AND STUDY ITS DYNAMICS
PEERING BILLIONS OF LIGHT-YEARS INTO THE PAST.

1

GALAXY SURVEYS: MAPPING THE VISIBLE UNIVERSE

L ARGE-SCALE GALAXY SURVEYS ARE THE CORNERSTONE OF COSMIC WEB OBSERVATION. PROJECTS LIKE THE SLOAN DIGITAL
Sky SurvEey (SDSS) AND THE DARk ENERGY SURVEY (DES) METICULOUSLY MAP THE POSITIONS AND DISTANCES OF MILLIONS
OF GALAXIES. BY CHARTING THESE POSITIONS IN THREE DIMENSIONS, ASTRONOMERS CAN VISUALIZE THE FILAMENTARY
STRUCTURE, THE CLUSTERS, AND THE VOIDS, EFFECTIVELY PAINTING A PICTURE OF THE COSMIC WEB. THE DISTRIBUTION AND
CLUSTERING OF GALAXIES WITHIN THESE SURVEYS PROVIDE DIRECT EVIDENCE OF THE UNDERLYING DARK MATTER DISTRIBUTION
AND THE GRAVITATIONAL FORCES AT PLAY.

GRAVITATIONAL LENSING: THE CosMIC MAGNIFYING GLASS

GRAVITATIONAL LENSING, PREDICTED BY EINSTEIN'S THEORY OF GENERAL RELATIVITY, OFFERS A POWERFUL WAY TO PROBE THE
DISTRIBUTION OF DARK MATTER. MASSIVE OBJECTS, LIKE GALAXIES AND GALAXY CLUSTERS, WARP SPACETIME, BENDING THE
PATH OF LIGHT FROM MORE DISTANT OBJECTS. THIS BENDING EFFECT CAN DISTORT THE IMAGES OF BACKGROUND GALAXIES, A
PHENOMENON KNOWN AS GRAVITATIONAL LENSING. BY ANALYZING THESE DISTORTIONS, SCIENTISTS CAN INFER THE MASS
DISTRIBUTION OF THE INTERVENING MATTER, INCLUDING THE INVISIBLE DARK MATTER THAT FORMS THE BACKBONE OF THE COSMIC



\WEB.

THe CosMic MicRowAVE BAckGRoUND (CMB): ECHOES ofF THE EARLY UNIVERSE

THe CosMic MicRowAVE BACKGROUND (CMB) RADIATION IS A FAINT AFTERGLOW FROM THE BIG BANG, A SNAPSHOT OF THE
UNIVERSE WHEN IT WAS ONLY ABOUT 380,000 YEARS OLD. TINY TEMPERATURE FLUCTUATIONS IN THE CMB MAP REPRESENT
THE PRIMORDIAL DENSITY VARIATIONS THAT EVENTUALLY GREW INTO THE COSMIC WEB. BY STUDYING THE PATTERNS AND
ANISOTROPIES WITHIN THE CMB, COSMOLOGISTS CAN GLEAN INFORMATION ABOUT THE INITIAL CONDITIONS OF THE UNIVERSE,
THE PROPORTIONS OF DIFFERENT TYPES OF MATTER AND ENERGY, AND THE SEEDS FROM WHICH THE COSMIC WEB WAS SOWN.

SIMULATING THE CosMic WEB

OBSERVATIONAL DATA ALONE CAN ONLY PROVIDE SO MUCH INSIGHT. TO TRULY UNDERSTAND THE COMPLEX DYNAMICS OF THE
COSMIC WEB, SCIENTISTS RELY HEAVILY ON SOPHISTICATED COMPUTER SIMULATIONS. THESE SIMULATIONS ALLOW THEM TO
RECREATE THE EVOLUTION OF THE UNIVERSE FROM ITS EARLIEST MOMENTS TO THE PRESENT DAY, TESTING VARIOUS
COSMOLOGICAL MODELS AND THEORIES.

N-Boby SIMULATIONS; THE FOUNDATION oF CosMic MODELS

N-BODY SIMULATIONS ARE THE WORKHORSES OF COSMOLOGICAL MODELING. THESE SIMULATIONS TRACK THE GRAVITATIONAL
INTERACTIONS OF MILLIONS OR EVEN BILLIONS OF INDIVIDUAL “PARTICLES” REPRESENTING DARK MATTER AND, TO SOME EXTENT,
BARYONIC MATTER. BY SOLVING NEWTON'S LAWS OF MOTION FOR EACH PARTICLE OVER BILLIONS OF SIMULATED YEARS, THESE
CODES CAN REPRODUCE THE EMERGENT STRUCTURE OF THE COSMIC WEB, INCLUDING THE FORMATION OF FILAMENTS, CLUSTERS,
AND VOIDS. COMPARING THESE SIMULATED STRUCTURES WITH OBSERVATIONAL DATA IS CRUCIAL FOR VALIDATING OUR
UNDERSTANDING OF COSMOLOGY.

HYDRODYNAMIC SIMULATIONS: INCORPORATING BARYONIC MATTER

W/HILE N-BODY SIMULATIONS ARE EXCELLENT AT MODELING DARK MATTER, THEY DO NOT FULLY ACCOUNT FOR THE BEHAVIOR
OF ORDINARY BARYONIC MATTER. BARYONIC MATTER IS SUBJECT TO ADDITIONAL FORCES, SUCH AS GAS PRESSURE AND
RADIATIVE PROCESSES, WHICH CAN INFLUENCE GALAXY FORMATION AND THE DISTRIBUTION OF GAS WITHIN THE COSMIC \WEB.
HYDRODYNAMIC SIMULATIONS EXTEND N-BODY SIMULATIONS BY INCORPORATING THESE COMPLEX BARYONIC PHYSICS,
PROVIDING A MORE COMPLETE AND REALISTIC PICTURE OF HOW GALAXIES FORM AND EVOLVE WITHIN THE COSMIC WEB'S
FRAMEWORK. THESE SIMULATIONS ARE ESSENTIAL FOR UNDERSTANDING THE OBSERVED PROPERTIES OF GALAXIES AND THEIR
RELATIONSHIP TO THE UNDERLYING DARK MATTER STRUCTURE.

THe FUTURE oF CosMic WEB RESEARCH

THE EXPLORATION OF COSMIC WEB DYNAMICS IS A RAPIDLY ADVANCING FIELD, WITH NEW TELESCOPES, SURVEYS, AND
SIMULATION TECHNIQUES PUSHING THE BOUNDARIES OF OUR KNOWLEDGE. THE QUEST TO FULLY UNDERSTAND THIS
FUNDAMENTAL COSMIC STRUCTURE PROMISES EXCITING DISCOVERIES IN THE YEARS TO COME.



NexT-GENERATION SURVEYS AND TELESCOPES

FUTURE OBSERVATIONAL PROJECTS, SUCH AS THE VERA C. RusiN OBSERVATORY AND THE EUCLID SPACE TELESCOPE, ARE
POISED TO REVOLUTIONIZE OUR UNDERSTANDING OF THE COSMIC WEB. THESE INSTRUMENTS WILL MAP GALAXIES AND DARK
MATTER DISTRIBUTION WITH UNPRECEDENTED PRECISION AND DEPTH, ALLOWING FOR MORE DETAILED STUDIES OF FILAMENTARY
STRUCTURES, THE PROPERTIES OF VOIDS, AND THE SUBTLE INFLUENCE OF DARK ENERGY ON COSMIC EVOLUTION. THE SHEER
VOLUME AND QUALITY OF DATA FROM THESE FUTURE SURVEYS WILL ENABLE US TO TEST COSMOLOGICAL MODELS WITH
GREATER ACCURACY THAN EVER BEFORE.

UNLOCKING THE SECRETS oF DARK MATTER AND DARK ENERGY

THE COSMIC WEB SERVES AS A GIANT LABORATORY FOR STUDYING THE FUNDAMENTAL CONSTITUENTS OF THE UNIVERSE, DARK
MATTER AND DARK ENERGY. BY OBSERVING HOW THESE COMPONENTS INTERACT AND INFLUENCE STRUCTURE FORMATION,
SCIENTISTS HOPE TO GAIN DEEPER INSIGHTS INTO THEIR TRUE NATURE. UNDERSTANDING THE PRECISE DISTRIBUTION AND
PROPERTIES OF DARK MATTER WITHIN FILAMENTS AND CLUSTERS CAN HELP CONSTRAIN THEORETICAL MODELS, WHILE PRECISE
MEASUREMENTS OF THE ACCELERATED EXPANSION DRIVEN BY DARK ENERGY CAN SHED LIGHT ON ITS POTENTIAL EVOLUTION AND
PROPERTIES. THE COSMIC WEB IS A KEY TO UNLOCKING THESE PROFOUND COSMIC MYSTERIES.

THE INTRICATE DANCE OF GALAXIES ACROSS VAST COSMIC DISTANCES, THE UNSEEN SCAFFOLDING OF DARK MATTER, AND THE
ACCELERATING EXPANSION OF SPACETIME ALL CONTRIBUTE TO THE BREATHTAKING SPECTACLE OF COSMIC WEB DYNAMICS. AS
WE CONTINUE TO REFINE OUR OBSERVATIONAL TOOLS AND COMPUTATIONAL MODELS, WE ARE STEADILY UNRAVELING THE
GRAND DESIGN OF THE UNIVERSE, PIECING TOGETHER THE STORY OF HOW IT CAME TO BE AND WHERE IT IS HEADED. EACH NEW
DISCOVERY BRINGS US CLOSER TO UNDERSTANDING OUR PLACE WITHIN THIS COLOSSAL, EVOLVING COSMIC TAPESTRY.

FREQUENTLY ASKED QUESTIONS

Q: WHAT IS THE COSMIC WEB?

A: THE COSMIC WEB IS THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, RESEMBLING A VAST, INTERCONNECTED NET\WORK OF
FILAMENTS, CLUSTERS, AND VOIDS. IT IS COMPOSED OF GALAXIES, GAS, AND, MOST IMPORTANTLY, DARK MATTER, WHICH
PROVIDES THE GRAVITATIONAL SCAFFOLDING FOR ITS FORMATION.

Q: How DID THE COSMIC WEB FORM?

A: THE COSMIC WEB ORIGINATED FROM TINY QUANTUM FLUCTUATIONS IN THE EARLY UNIVERSE, AMPLIFIED DURING INFLATION.
GRAVITY THEN ACTED ON THESE SLIGHT DENSITY VARIATIONS, PULLING MATTER TOGETHER TO FORM FILAMENTS AND CLUSTERS,
WHILE LESS DENSE REGIONS EVOLVED INTO VAST VOIDS.

Q: WHAT ARE THE MAIN COMPONENTS OF THE COSMIC WEB?

A: THE MAIN COMPONENTS ARE FILAMENTS (LONG, THREAD-LIKE STRUCTURES OF GALAXIES), CLUSTERS (DENSE KNOTS WHERE
FILAMENTS INTERSECT, CONTAINING MANY GALAXIES), AND VOIDS (LARGE, UNDERDENSE REGIONS OF SPACE SEPARATING THE
FILAMENTS).

QI WHY IS DARK MATTER SO IMPORTANT FOR THE COSMIC WEB?

A: DArk MATTER, WHICH MAKES UP THE MAJORITY OF MATTER IN THE UNIVERSE, PROVIDES THE ESSENTIAL GRAVITATIONAL
SCAFFOLDING. |T CLUMPED FIRST, CREATING GRAVITATIONAL POTENTIAL WELLS THAT ATTRACTED ORDINARY MATTER, ENABLING
THE FORMATION OF THE LARGE-SCALE STRUCTURES WE OBSERVE TODAY.



Q: How DO SCIENTISTS OBSERVE THE COSMIC WEB?

A: SCIENTISTS USE VARIOUS METHODS, INCLUDING LARGE-SCALE GALAXY SURVEYS TO MAP THE DISTRIBUTION OF VISIBLE
MATTER, GRAVITATIONAL LENSING TO INFER THE DISTRIBUTION OF INVISIBLE DARK MATTER, AND BY STUDYING THE COSMIC
MicrowAVE BackGrRoOUND (CMB) FOR CLUES ABOUT THE EARLY UNIVERSE'S STRUCTURE.

QZ \WHAT ROLE DOES DARK ENERGY PLAY IN COSMIC WEB DYNAMICS?

A: DARK ENERGY DRIVES THE ACCELERATED EXPANSION OF THE UNIVERSE. WHILE GRAVITY BUILT THE COSMIC \WEB, DARK
ENERGY'S INFLUENCE IS INCREASING, CAUSING THE VOIDS TO EXPAND FASTER AND POTENTIALLY LIMITING THE FORMATION OF
EVEN LARGER STRUCTURES IN THE FUTURE.

QI CAN WE PREDICT THE FUTURE OF THE COSMIC WEB?

A: CURRENT COSMOLOGICAL MODELS, BASED ON OBSERVATIONS AND SIMULATIONS, SUGGEST THAT THE COSMIC WEB WILL
CONTINUE TO EVOLVE. FILAMENTS MAY GROW DENSER, CLUSTERS MAY MERGE, AND VOIDS WILL LIKELY EXPAND DUE TO DARK
ENERGY, POTENTIALLY LEADING TO AN INCREASINGLY DIFFUSE UNIVERSE OVER IMMENSE TIMESCALES.

Q: WHAT ARE THE BIGGEST CHALLENGES IN STUDYING COSMIC WEB DYNAMICS?

A: MAJOR CHALLENGES INCLUDE THE INVISIBLE NATURE OF DARK MATTER, THE VAST DISTANCES INVOLVED, AND THE COMPLEX
INTERPLAY OF GRAVITY, DARK MATTER, AND DARK ENERGY. PRECISELY MEASURING THE DISTRIBUTION AND PROPERTIES OF THESE
COMPONENTS ACROSS COSMIC TIME IS TECHNICALLY DEMANDING.
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