COSMOLOGY FOR LAYPEOPLE BASICS

UNDERSTANDING THE UNIVERSE: COSMOLOGY FOR LAYPEOPLE BASICS

COSMOLOGY FOR LAYPEOPLE BASICS IS YOUR GATEWAY TO UNRAVELING THE PROFOUND MYSTERIES OF THE UNIVERSE. HAVE
YOU EVER GAZED AT THE NIGHT SKY AND WONDERED ABOUT ITS ORIGINS, ITS VASTNESS, AND ITS ULTIMATE FATE? THIS
ARTICLE IS DESIGNED TO DEMYSTIFY THE FUNDAMENTAL CONCEPTS OF COSMOLOGY, MAKING THE STUDY OF THE UNIVERSE
ACCESSIBLE AND ENGAGING FOR EVERYONE. WE'LL EXPLORE THE BiG BANG THEORY, THE EXPANSION OF SPACE, THE ENIGMATIC
NATURE OF DARK MATTER AND DARK ENERGY, AND THE ONGOING QUEST TO UNDERSTAND OUR PLACE WITHIN THIS GRAND COSMIC
TAPESTRY. PREPARE TO EMBARK ON AN INTELLECTUAL JOURNEY THAT SIMPLIFIES COMPLEX IDEAS, OFFERING A FOUNDATIONAL
UNDERSTANDING OF THE COSMOS THAT WILL LEAVE YOU AWESTRUCK.

THE DAWN oF UNDERSTANDING: WHAT 1S COSMOLOGY?

THe GENESIS OF EVERYTHING: THE BIG BANG THEORY EXPLAINED
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® PEERING INTO THE PAST AND FuTURE: Cosmic EvoLuTIoN
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THe UNANSWERED QUESTIONS: THE FRONTIERS OF CoSMOLOGY

THe DAWN oF UNDERSTANDING: WHAT IS CosMOLOGY?

COSMOLOGY, AT ITS HEART, IS THE SCIENTIFIC STUDY OF THE UNIVERSE AS A \WHOLE. IT's NOT JUST ABOUT OBSERVING STARS
AND GALAXIES, IT'S ABOUT UNDERSTANDING THE UNIVERSE'S ORIGIN, ITS EVOLUTION OVER BILLIONS OF YEARS, AND ITS
ULTIMATE DESTINY. THINK OF IT AS THE ULTIMATE DETECTIVE STORY, WHERE THE CLUES ARE SCATTERED ACROSS BILLIONS OF
LIGHT-YEARS AND STRETCH BACK TO THE VERY BEGINNING OF TIME. FOR LAYPEOPLE, GRASPING THE BASICS OF COSMOLOGY CAN
FEEL LIKE LEARNING A NEW LANGUAGE, BUT THE REWARDS ARE IMMENSE: A DEEPER APPRECIATION FOR OUR EXISTENCE AND THE
INCREDIBLE PHENOMENA THAT SURROUND US.

THIS FIELD SEEKS TO ANSWER SOME OF THE MOST FUNDAMENTAL QUESTIONS HUMANITY HAS EVER PONDERED: W/HERE DID WE
COME FROM? HOW DID THE UNIVERSE BEGIN? WHAT IS IT MADE OF? AND WHERE IS IT ALL HEADING? COSMOLOGISTS USE A
BLEND OF THEORETICAL PHYSICS, MATHEMATICS, AND OBSERVATIONAL ASTRONOMY TO PIECE TOGETHER THIS GRAND COSMIC
PUZZLE. TS A JOURNEY THAT REQUIRES IMAGINATION, RIGOROUS SCIENTIFIC INQUIRY, AND A WILLINGNESS TO CONFRONT IDEAS
THAT CAN STRETCH THE LIMITS OF OUR INTUITION.

THE GENESIS OF EVERYTHING: THE BiG BANG THEORY EXPLAINED

THE PREVAILING SCIENTIFIC MODEL FOR THE ORIGIN AND EVOLUTION OF THE UNIVERSE IS THE BIG BANG THEORY. CONTRARY TO
WHAT THE NAME MIGHT SUGGEST, IT WASN'T AN EXPLOSION IN PRE-EXISTING SPACE, BUT RATHER THE RAPID EXPANSION OF
SPACE ITSELF FROM AN INCREDIBLY HOT AND DENSE INITIAL STATE. IMAGINE ALL THE MATTER AND ENERGY IN THE UNIVERSE
COMPRESSED INTO AN INFINITESIMALLY SMALL POINT. THEN, IN AN INSTANT, THIS POINT BEGAN TO EXPAND, CARRYING
EVERYTHING WITH IT.



THIS EXPANSION STARTED APPROXIMATELY 13.8 BILLION YEARS AGO. IN THE IMMEDIATE AFTERMATH OF THIS PRIMORDIAL
EVENT, THE UNIVERSE WAS A SEARING HOT SOUP OF SUBATOMIC PARTICLES. AS IT EXPANDED AND COOLED, THESE PARTICLES
BEGAN TO CLUMP TOGETHER, EVENTUALLY FORMING PROTONS AND NEUTRONS. WITHIN MINUTES, THESE COMBINED TO FORM THE
NUCLEI OF THE LIGHTEST ELEMENTS, PRIMARILY HYDROGEN AND HELIUM, A PROCESS KNOWN AS BiG BANG NUCLEOSYNTHESIS.
THIS COSMIC RECIPE IS CRUCIAL BECAUSE THE RELATIVE ABUNDANCE OF THESE ELEMENTS OBSERVED TODAY IS A STRONG PIECE
OF EVIDENCE SUPPORTING THE BIG BANG MODEL.

EVIDENCE FOR THE BIG BANG

SEVERAL KEY PIECES OF EVIDENCE FIRMLY SUPPORT THE BIG BANG THEORY. ONE OF THE MOST COMPELLING IS THE COSMIC
MICROW AVE BACKGROUND (CMB) RADIATION. THIS IS A FAINT AFTERGLOW OF THE BIG BANG, A UNIFORM BATH OF MICROW AVE
RADIATION FILLING THE ENTIRE SKY. |T'S LIKE THE RESIDUAL HEAT FROM A MASSIVE COSMIC OVEN, PROVIDING A SNAPSHOT OF
THE UNIVERSE WHEN IT WAS ONLY ABoUT 380,000 YEARS OLD, JUST COOL ENOUGH FOR ATOMS TO FORM AND LIGHT TO
TRAVEL FREELY. THE REMARKABLE UNIFORMITY OF THE CMB, WITH TINY TEMPERATURE FLUCTUATIONS, ALSO ALIGNS PERFECTLY
WITH THEORETICAL PREDICTIONS.

ANOTHER PILLAR OF SUPPORT IS THE OBSERVED REDSHIFT OF DISTANT GALAXIES, WHICH WE’LL DISCUSS FURTHER, AND THE
ABUNDANCE OF LIGHT ELEMENTS. THE AMOUNTS OF HYDROGEN, HELIUM, AND LITHIUM WE SEE IN THE UNIVERSE TODAY MATCH
PRECISELY WHAT THE BIG BANG THEORY PREDICTS SHOULD HAVE BEEN FORMED IN THE EARLY MOMENTS AFTER THE UNIVERSE
BEGAN. THESE LINES OF EVIDENCE, WHEN VIEWED TOGETHER, PAINT A CONSISTENT AND POWERFUL PICTURE OF A UNIVERSE THAT
ORIGINATED FROM A SINGULAR, HOT, AND DENSE STATE AND HAS BEEN EXPANDING EVER SINCE.

SPACE oN THE MoVE: THe ExXPANDING UNIVERSE

ONE OF THE MOST PROFOUND DISCOVERIES IN MODERN COSMOLOGY IS THAT THE UNIVERSE IS NOT STATIC, IT'S EXPANDING.
THIS MEANS THAT THE DISTANCES BETWEEN GALAXIES ARE INCREASING OVER TIME. |T°S NOT THAT GALAXIES ARE MOVING
THROUGH SPACE, BUT RATHER THAT SPACE ITSELF IS STRETCHING, LIKE DOTS DRAWN ON A BALLOON THAT IS BEING INFLATED.
THIS CONCEPT, FIRST OBSERVED BY Ebwin HUBBLE, HAS REVOLUTIONIZED OUR UNDERSTANDING OF THE COSMOS.

HUBBLE NOTICED THAT LIGHT FROM DISTANT GALAXIES WAS SHIFTED TOWARDS THE RED END OF THE SPECTRUM, A PHENOMENON
KNOWN AS REDSHIFT. THIS REDSHIFT IS INTERPRETED AS A DOPPLER EFFECT, SIMILAR TO HOW THE PITCH OF A SIREN CHANGES AS
IT MOVES AWAY FROM YOU. THE FURTHER AWAY A GALAXY IS, THE GREATER ITS REDSHIFT, IMPLYING THAT IT IS RECEDING
FROM US AT A FASTER RATE. THIS OBSERVATION LED TO HUBBLE'S LA\)V, WHICH STATES THAT THE RECESSIONAL VELOCITY OF
A GALAXY IS DIRECTLY PROPORTIONAL TO ITS DISTANCE FROM US.

HueBLE's LAW AND THE REDSHIFT PHENOMENON

HuBBLE'S LAW IS A CORNERSTONE OF COSMOLOGY. |T PROVIDES DIRECT OBSERVATIONAL EVIDENCE FOR THE EXPANSION OF THE
UNIVERSE. THE REDSHIFT OF LIGHT FROM CELESTIAL OBJECTS IS A DIRECT CONSEQUENCE OF THE EXPANSION OF SPACE
STRETCHING THE WAVELENGTHS OF THE PHOTONS TRAVELING TO US. THE MORE SPACE THERE IS BETWEEN US AND A DISTANT
GALAXY, THE MORE IT STRETCHES THE LIGHT'sS W AVELENGTH, RESULTING IN A GREATER REDSHIFT. THIS HAS ALLOWED
ASTRONOMERS TO MEASURE COSMIC DISTANCES AND MAP THE LARGE-SCALE STRUCTURE OF THE UNIVERSE.

THE IMPLICATIONS OF AN EXPANDING UNIVERSE ARE FAR-REACHING. IF THE UNIVERSE IS EXPANDING NOW, IT MUST HAVE BEEN
SMALLER AND DENSER IN THE PAST, WHICH NATURALLY LEADS US BACK TO THE BiG BANG THEORY. FURTHERMORE, THE RATE OF
EXPANSION, KNOWN AS THE HuBBLE CONSTANT, PROVIDES CRUCIAL INFORMATION ABOUT THE AGE AND COMPOSITION OF THE
UNIVERSE. MEASURING THIS CONSTANT PRECISELY REMAINS A KEY GOAL OF CONTEMPORARY COSMOLOGICAL RESEARCH, AS EVEN
SMALL DISCREPANCIES CAN HAVE SIGNIFICANT IMPACTS ON OUR UNDERSTANDING OF COSMIC HISTORY.



THE INVISIBLE ARCHITECTS: DARK MATTER AND DARK ENERGY

W/HILE WE CAN SEE STARS, GALAXIES, AND NEBULAE, THE VAST MAJORITY OF THE UNIVERSE IS MADE OF STUFF WE CANNOT
DIRECTLY OBSERVE. THIS “INVISIBLE” COMPONENT IS BROADLY DIVIDED INTO TWO CATEGORIES: DARK MATTER AND DARK
ENERGY. TOGETHER, THEY MAKE UP ABOUT 959, OF THE UNIVERSE'S TOTAL MASS-ENERGY CONTENT, WITH ORDINARY MATTER
(THE STUFF WE'RE MADE OF ) ACCOUNTING FOR ONLY ABOUT 5%,

DARK MATTER IS A HYPOTHETICAL FORM OF MATTER THAT DOES NOT EMIT, ABSORB, OR REFLECT LIGHT, MAKING IT INVISIBLE TO
TELESCOPES. |TS PRESENCE IS INFERRED FROM ITS GRAVITATIONAL EFFECTS ON VISIBLE MATTER. FOR INSTANCE, GALAXIES
ROTATE MUCH FASTER THAN THEY SHOULD BASED ON THE VISIBLE MATTER THEY CONTAIN; WITHOUT THE EXTRA
GRAVITATIONAL PULL OF DARK MATTER, THEY WOULD FLY APART. SIMILARLY, THE WAY LIGHT BENDS AROUND GALAXY
CLUSTERS (GRAVITATIONAL LENSING) SUGGESTS A SIGNIFICANT AMOUNT OF UNSEEN MASS.

UNDERSTANDING DARK MATTER’S INFLUENCE

THE CONCEPT OF DARK MATTER AROSE BECAUSE OBSERVATIONS OF GALACTIC ROTATION CURVES AND GALAXY CLUSTER
DYNAMICS DIDN'T MATCH PREDICTIONS BASED ON VISIBLE MATTER ALONE. VERA RUBIN’S GROUNDBREAKING WORK IN THE 19705,
OBSERVING THE ROTATION OF SPIRAL GALAXIES, PROVIDED STRONG EVIDENCE THAT THERE WAS MORE MASS PRESENT THAN
COULD BE ACCOUNTED FOR BY STARS AND GAS. THIS UNSEEN MASS, WE NOW CALL DARK MATTER, ACTS AS A GRAVITATIONAL
GLUE, HOLDING GALAXIES AND LARGER COSMIC STRUCTURES TOGETHER.

CURRENT THEORIES SUGGEST THAT DARK MATTER IS COMPOSED OF WEAKLY INTERACTING MASSIVE PARTICLES (\X/”V]PS) OR
PERHAPS EVEN MORE EXOTIC PARTICLES, BUT ITS EXACT NATURE REMAINS ONE OF THE GREATEST MYSTERIES IN PHYSICS.
EXPERIMENTS ARE ONGOING DEEP UNDERGROUND AND IN PARTICLE COLLIDERS TO DIRECTLY DETECT THESE ELUSIVE PARTICLES,
BUT SO FAR, DEFINITIVE PROOF HAS BEEN ELUSIVE. DESPITE ITS INVISIBILITY, DARK MATTER PLAYS A CRITICAL ROLE IN THE
FORMATION AND EVOLUTION OF COSMIC STRUCTURES.

THe ENIGMA ofF DARK ENERGY

DARK ENERGY IS EVEN MORE MYSTERIOUS THAN DARK MATTER. IT'S A HYPOTHETICAL FORM OF ENERGY THAT PERMEATES ALL OF
SPACE AND IS RESPONSIBLE FOR THE OBSERVED ACCELERATED EXPANSION OF THE UNIVERSE. W/HILE GRAVITY, DRIVEN BY MATTER
(BOTH VISIBLE AND DARK), SHOULD BE SLOWING DOWN THE EXPANSION, OBSERVATIONS IN THE LATE 1990s REVEALED THE
OPPOSITE. THE UNIVERSE'S EXPANSION IS ACTUALLY SPEEDING UP.

THE LEADING CANDIDATE FOR DARK ENERGY IS THE COSMOLOGICAL CONSTANT, A TERM ORIGINALLY INTRODUCED BY ALBERT
EINSTEIN. |T REPRESENTS A CONSTANT ENERGY DENSITY INHERENT TO SPACE ITSELF. AS THE UNIVERSE EXPANDS, MORE SPACE IS
CREATED, AND THUS MORE DARK ENERGY, LEADING TO AN ACCELERATING EXPANSION. ANOTHER POSSIBILITY IS THAT DARK
ENERGY IS A DYNAMIC FIELD, SOMETIMES CALLED QUINTESSENCE, WHOSE ENERGY DENSITY CAN CHANGE OVER TIME.

UNDERST ANDING DARK ENERGY IS CRUCIAL FOR PREDICTING THE ULTIMATE FATE OF THE UNIVERSE.

PEERING INTO THE PAST AND FUTURE: CosMIC EvVOLUTION

CosMoLoGY ISNITJUST ABOUT A SINGLE MOMENT, IT'S ABOUT THE ENTIRE HISTORY OF THE UNIVERSE. FROM ITS FIERY BIRTH TO
THE VAST, COMPLEX STRUCTURES WE SEE TODAY, THE UNIVERSE HAS UNDERGONE CONTINUOUS EVOLUTION. (UNDERSTANDING
THIS EVOLUTION ALLOWS US TO TRACE THE PATH FROM THE SIMPLICITY OF THE EARLY UNIVERSE TO THE RICH DIVERSITY OF
COSMIC PHENOMENA.

THE EARLY UNIVERSE WAS A RELATIVELY HOMOGENEOUS AND ISOTROPIC PLACE, MEANING IT WAS MUCH THE SAME EVERY \WHERE



AND IN EVERY DIRECTION. THE TINY FLUCTUATIONS OBSERVED IN THE COSMIC MICROW AVE BACKGROUND ARE THE SEEDS FROM
WHICH ALL THE LARGE-SCALE STRUCTURES, LIKE GALAXIES AND GALAXY CLUSTERS, EVENTUALLY GREW. OVER BILLIONS OF
YEARS, GRAVITY AMPLIFIED THESE SMALL DENSITY VARIATIONS, PULLING MATTER TOGETHER TO FORM THE COSMIC WEB WE
OBSERVE TODAY, WITH VAST VOIDS AND FILAMENTARY STRUCTURES.

THE FORMATION OF STRUCTURES

THE PROCESS OF STRUCTURE FORMATION IS INTIMATELY TIED TO THE PRESENCE OF DARK MATTER. BECAUSE DARK MATTER
INTERACTS PRIMARILY THROUGH GRAVITY, IT BEGAN TO CLUMP TOGETHER EVEN BEFORE ORDINARY MATTER COULD. THESE EARLY
DARK MATTER CLUMPS ACTED AS GRAVITATIONAL WELLS, ATTRACTING GAS AND OTHER MATTER. AS MORE MATTER FELL INTO
THESE WELLS, STARS BEGAN TO FORM, FOLLOWED BY GALAXIES, AND EVENTUALLY , LARGER CLUSTERS AND SUPERCLUSTERS OF
GALAXIES.

THIS HIERARCHICAL STRUCTURE FORMATION, WHERE SMALL STRUCTURES FORM FIRST AND THEN MERGE TO CREATE LARGER ONES,
IS A KEY PREDICTION OF OUR CURRENT COSMOLOGICAL MODEL. WE SEE EVIDENCE OF THIS ONGOING PROCESS IN THE UNIVERSE
TODAY, WITH SMALLER GALAXIES BEING ABSORBED BY LARGER ONES AND GALAXY CLUSTERS CONTINUING TO GROW. THE
COSMIC WEB, A VAST, INTERCONNECTED NETWORK OF GALAXIES AND DARK MATTER, IS THE LARGE-SCALE MANIFESTATION OF
THIS EVOLUTIONARY PROCESS.

THe FATE oF THE UNIVERSE

THE ULTIMATE FATE OF THE UNIVERSE DEPENDS ON THE INTERPLAY BETWEEN GRAVITY AND THE ACCELERATING EXPANSION DRIVEN
BY DARK ENERGY. [F DARK ENERGY CONTINUES TO DOMINATE, THE UNIVERSE WILL CONTINUE TO EXPAND AT AN EVER-INCREASING
RATE. THIS SCENARIO, OFTEN CALLED THE “BIG FREEZE” OR "HEAT DEATH,” WOULD SEE GALAXIES MOVING SO FAR APART THAT
THEY WOULD EVENTUALLY BECOME INVISIBLE TO EACH OTHER. STARS WOULD EVENTUALLY BURN OUT, BLACK HOLES WOULD
EVAPORATE, AND THE UNIVERSE WOULD BECOME A COLD, DARK, AND EMPTY PLACE.

OTHER THEORETICAL POSSIBILITIES EXIST, THOUGH THEY ARE LESS FAVORED BY CURRENT OBSERVATIONS. A "Bic CrRuUNcH”
WOULD OCCUR IF GRAVITY WERE STRONG ENOUGH TO HALT AND REVERSE THE EXPANSION, LEADING TO A COLLAPSE BACK INTO
A HOT, DENSE STATE. A "BiG RIP” IS ANOTHER SPECULATIVE SCENARIO WHERE DARK ENERGY BECOMES SO STRONG THAT IT
EVENTUALLY TEARS APART GALAXIES, STARS, PLANETS, AND EVEN ATOMS. For NOW, THE BIG FREEZE SEEMS THE MOST LIKELY
OUTCOME BASED ON OUR CURRENT UNDERSTANDING.

Our CosMic NEIGHBORHOOD AND BEYOND

To TRULY APPRECIATE COSMOLOGY, IT'S HELPFUL TO GROUND OURSELVES IN OUR IMMEDIATE COSMIC SURROUNDINGS BEFORE
VENTURING INTO THE VAST UNKNOWN. OUR HOME, EARTH/ ORBITS A STAR WE CALL THE SUNI LOCATED IN THE MiLkY WAY
GALAXY. THE MiLky WAY IS A BARRED SPIRAL GALAXY CONTAINING HUNDREDS OF BILLIONS OF STARS, VAST CLOUDS OF GAS
AND DUST, AND A SIGNIFICANT AMOUNT OF DARK MATTER.

OUR SOLAR SYSTEM RESIDES IN ONE OF THE MILKY W AY'S SPIRAL ARMS, ABOUT TWO-THIRDS OF THE WAY OUT FROM THE
GALACTIC CENTER. BEYOND OUR GALAXY LIE BILLIONS OF OTHER GALAXIES, RANGING IN SIZE AND SHAPE. THESE GALAXIES ARE
NOT RANDOMLY DISTRIBUTED BUT ARE ORGANIZED INTO A GRAND COSMIC WEB, WITH CLUSTERS AND SUPERCLUSTERS
SEPARATED BY IMMENSE VOIDS. UNDERSTANDING THIS STRUCTURE HELPS US CONTEXTUALIZE OUR PLACE IN THE UNIVERSE.

GALAXIES AND GALAXY CLUSTERS



GALAXIES ARE THE FUNDAMENTAL BUILDING BLOCKS OF THE VISIBLE UNIVERSE. THEY COME IN VARIOUS FORMS, INCLUDING SPIRAL
GALAXIES (LIKE OUR MILKY \X/AY), ELLIPTICAL GALAXIES (OFTEN OLDER AND SMOOTHER), AND IRREGULAR GALAXIES. THESE
CELESTIAL ISLANDS ARE THE SITES OF ONGOING STAR FORMATION AND EVOLUTION.

ON LARGER SCALES, GALAXIES ARE OFTEN FOUND IN GROUPS AND CLUSTERS, BOUND TOGETHER BY GRAVITY. GALAXY
CLUSTERS ARE THE LARGEST KNOWN GRAVITATIONALLY BOUND STRUCTURES IN THE UNIVERSE. T HESE CLUSTERS ARE
THEMSELVES ORGANIZED INTO EVEN LARGER STRUCTURES CALLED SUPERCLUSTERS, WHICH ARE CONNECTED BY FILAMENTS OF
GALAXIES, FORMING THE VAST COSMIC WEB. STUDYING THESE STRUCTURES PROVIDES CRUCIAL INSIGHTS INTO THE DISTRIBUTION
OF MATTER AND THE EVOLUTION OF THE UNIVERSE OVER TIME.

THE UNANSWERED QUESTIONS: THE FRONTIERS OF COSMOLOGY

DESPITE INCREDIBLE PROGRESS, COSMOLOGY REMAINS A FIELD BRIMMING WITH UNANSWERED QUESTIONS AND ONGOING RESEARCH.
THE QUEST TO UNDERSTAND THE UNIVERSE IS FAR FROM OVER, AND NEW DISCOVERIES CONTINUALLY PUSH THE BOUNDARIES OF
OUR KNOWLEDGE. WHAT EXACTLY IS DARK MATTER MADE OF? WHAT IS THE TRUE NATURE OF DARK ENERGY? HOW DID THE
VERY FIRST STARS AND GALAXIES FORMP

THESE ARE JUST A FEW OF THE PROFOUND MYSTERIES THAT DRIVE COSMOLOGICAL RESEARCH. SCIENTISTS ARE CONSTANTLY
DEVELOPING NEW THEORIES, DESIGNING MORE POWERFUL TELESCOPES, AND CONDUCTING SOPHISTICATED EXPERIMENTS TO PROBE
THESE QUESTIONS. THE PURSUIT OF COSMIC KNOWLEDGE IS A TESTAMENT TO HUMAN CURIOSITY AND OUR ENDURING DESIRE TO
UNDERSTAND OUR PLACE IN THE GRAND SCHEME OF EXISTENCE. AS TECHNOLOGY ADVANCES, WE CAN EXPECT EVEN MORE
BREATHTAKING DISCOVERIES THAT WILL FURTHER ILLUMINATE THE NATURE OF OUR UNIVERSE.

THe SEARCH FOR New PHYSICS

THE MYSTERIES OF DARK MATTER AND DARK ENERGY POINT TOWARDS THE POSSIBILITY THAT OUR CURRENT UNDERSTANDING OF
FUNDAMENTAL PHYSICS, AS DESCRIBED BY THE STANDARD MODEL OF PARTICLE PHYSICS AND GENERAL RELATIVITY, IS
INCOMPLETE. PERHAPS THERE ARE NEW PARTICLES BEYOND THOSE WE KNOW, OR PERHAPS GRAVITY BEHAVES DIFFERENTLY ON
VERY LARGE SCALES THAN WE ASSUME. THE SEARCH FOR THESE NEW PHYSICS IS AT THE FOREFRONT OF BOTH PARTICLE PHYSICS
AND COSMOLOGY.

THE DEVELOPMENT OF ADVANCED INSTRUMENTS LIKE THEJAMES WEBB SPACE TELESCOPE, GROUND-BASED OBSERVATORIES, AND
PARTICLE DETECTORS LIKE THE LARGE HADRON COLLIDER ARE ALL CRUCIAL TOOLS IN THIS ONGOING INVESTIGATION. EACH NEW
OBSERVATION AND EXPERIMENT HAS THE POTENTIAL TO REVEAL UNEXPECTED PHENOMENA AND GUIDE US TOWARD A MORE
COMPREHENSIVE THEORY OF THE COSMOS. THE JOURNEY OF DISCOVERY IS CONTINUOUS, AND THE UNIVERSE STILL HOLDS MANY
SECRETS WAITING TO BE UNVEILED.

FAQ: CosMoLOGY FOR LAYPEOPLE BASICS

Q: WHAT IS THE MAIN IDEA BEHIND THE BIG BANG THEORY?

A: THE BIG BANG THEORY PROPOSES THAT THE UNIVERSE BEGAN AS AN EXTREMELY HOT, DENSE POINT THAT RAPIDLY EXPANDED.
THIS EXPANSION CAUSED SPACE, TIME, MATTER, AND ENERGY TO COME INTO EXISTENCE. IT'S NOT AN EXPLOSION IN SPACE, BUT
RATHER THE EXPANSION OF SPACE ITSELF.



QI How DO WE KNOW THE UNIVERSE IS EXPANDING?

A: WE KNOW THE UNIVERSE IS EXPANDING PRIMARILY THROUGH THE OBSERVATION OF REDSHIFT IN THE LIGHT FROM DISTANT
GALAXIES. THE FURTHER AWAY A GALAXY IS, THE MORE ITS LIGHT IS SHIFTED TOWARDS THE RED END OF THE SPECTRUM,
INDICATING THAT IT IS MOVING AWAY FROM US, AND THAT THE SPACE BETWEEN US AND THE GALAXY IS STRETCHING.

QZ WHAT IS DARK MATTER , AND WHY DO SCIENTISTS BELIEVE IT EXISTS?

A: DARK MATTER IS A MYSTERIOUS SUBSTANCE THAT DOES NOT EMIT, ABSORB, OR REFLECT LIGHT, MAKING IT INVISIBLE.
SCIENTISTS BELIEVE IT EXISTS BECAUSE ITS GRAVITATIONAL EFFECTS ARE OBSERVABLE. FOR EXAMPLE, GALAXIES ROTATE
FASTER THAN THEY SHOULD BASED ON THEIR VISIBLE MATTER ALONE, SUGGESTING THERE'S EXTRA, UNSEEN MASS PROVIDING THE
NECESSARY GRAVITATIONAL PULL.

QZ \WHAT IS DARK ENERGY , AND WHAT EFFECT DOES IT HAVE ON THE UNIVERSE?

A: DARK ENERGY IS AN EVEN MORE ENIGMATIC FORM OF ENERGY THAT PERMEATES ALL OF SPACE. |T IS BELIEVED TO BE
RESPONSIBLE FOR THE OBSERVED ACCELERATED EXPANSION OF THE UNIVERSE. INSTEAD OF GRAVITY SLOWING DOWN THE
EXPANSION, DARK ENERGY IS CAUSING IT TO SPEED UP.

QZ How oLD IS THE UNIVERSE , ACCORDING TO COSMOLOGICAL MODELS?

A: BASED ON CURRENT COSMOLOGICAL MODELS AND MEASUREMENTS, THE UNIVERSE IS ESTIMATED TO BE APPROXIMATELY 13.8
BILLION YEARS OLD. THIS AGE IS DERIVED FROM OBSERVATIONS OF THE COSMIC MICROW AVE BACKGROUND RADIATION AND THE
RATE OF THE UNIVERSE'S EXPANSION.

Q: WHAT IS THE COSMIC MICROWAVE BACKGROUND RADIATION (CMB)?

A: THE COSMIC MICROWAVE BACKGROUND RADIATION IS THE FAINT AFTERGLOW OF THE BIG BANG. IT'S A UNIFORM BATH OF
MICROWAVE RADIATION FILLING THE ENTIRE UNIVERSE, REPRESENTING THE OLDEST LIGHT WE CAN DETECT, EMITTED WHEN THE
UNIVERSE WAS ABoUT 380,000 YEARS oOLD.

QZ \WHAT ARE GALAXIES , AND HOW ARE THEY ORGANIZED IN THE UNIVERSE?

A: GALAXIES ARE VAST SYSTEMS OF STARS, GAS, DUST, AND DARK MATTER HELD TOGETHER BY GRAVITY. THEY ARE NOT
RANDOMLY SCATTERED BUT ARE ORGANIZED INTO A LARGE-SCALE STRUCTURE KNOWN AS THE COSMIC WEB, FEATURING
CLUSTERS, SUPERCLUSTERS, AND FILAMENTS, SEPARATED BY VAST VOIDS.

Q: ARE THERE ANY ALTERNATIVE THEORIES TO THE BIG BANG?

A: WHILE THE BIG BANG THEORY IS THE MOST WIDELY ACCEPTED MODEL, SCIENTISTS EXPLORE ALTERNATIVE OR
COMPLEMENTARY THEORIES TO ADDRESS SPECIFIC ASPECTS OR POTENTIAL LIMITATIONS OF THE BIG BANG. HO\X/EVER, THE
EVIDENCE OVERWHELMINGLY SUPPORTS THE BiG BANG AS THE BEST EXPLANATION FOR THE UNIVERSE'S ORIGIN AND EVOLUTION.
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