DARK MATTER VS DARK ENERGY IN GALAXIES

THE HIDDEN UNIVERSE, COMPOSED OF ENIGMATIC ENTITIES, CONTINUES TO PUZZLE ASTRONOMERS AND COSMOLOGISTS ALIKE.
DARK MATTER VS DARK ENERGY IN GALAXIES REPRESENTS A FUNDAMENTAL QUEST TO UNDERSTAND THE INVISIBLE FORCES
SHAPING OUR COSMOS. W/HILE BOTH DARK MATTER AND DARK ENERGY ARE “DARK” BECAUSE THEY DON'T INTERACT WITH LIGHT,
THEIR ROLES AND IMPACTS ARE PROFOUNDLY DIFFERENT, PARTICULARLY WITHIN THE GRAND STRUCTURES OF GALAXIES.
(UNDERSTANDING THEIR INTERPLAY IS CRUCIAL FOR COMPREHENDING GALACTIC FORMATION, EVOLUTION, AND THE ULTIMATE FATE
OF THE UNIVERSE. THIS ARTICLE WILL DELVE INTO THE DISTINCT CHARACTERISTICS, OBSERVATIONAL EVIDENCE, AND ONGOING
MYSTERIES SURROUNDING THESE TWO COSMIC ENIGMAS, EXPLORING HOW THEY INFLUENCE THE VERY FABRIC OF GALACTIC
EXISTENCE. WE WILL UNPACK WHAT WE KNOW , WHAT WE SUSPECT, AND THE EXCITING AVENUES OF RESEARCH AIMING TO SHED
LIGHT ON THE UNIVERSE'S DARKEST SECRETS.
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WHAT IS DARK MATTER AND WHY Do WE THINK IT EXISTS?

DARK MATTER IS A HYPOTHETICAL FORM OF MATTER THAT IS THOUGHT TO ACCOUNT FOR APPROXIMATELY 859% OF THE
MATTER IN THE UNIVERSE AND ABOUT 279%, OF ITS TOTAL ENERGY DENSITY. TS EXISTENCE IS INFERRED FROM ITS
GRAVITATIONAL EFFECTS ON VISIBLE MATTER, RADIATION, AND THE LARGE-SCALE STRUCTURE OF THE UNIVERSE. UNLIKE
ORDINARY MATTER, WHICH IS MADE UP OF PROTONS, NEUTRONS, AND ELECTRONS, DARK MATTER DOES NOT EMIT, ABSORB, OR
REFLECT LIGHT, MAKING IT INVISIBLE TO OUR TELESCOPES. THIS LACK OF ELECTROMAGNETIC INTERACTION IS THE PRIMARY
REASON IT'S TERMED “DARK.” SCIENTISTS ARE CONFIDENT IN ITS EXISTENCE NOT BECAUSE THEY'VE DIRECTLY DETECTED IT, BUT
BECAUSE THE UNIVERSE JUST DOESN'T MAKE SENSE WITHOUT IT. IMAGINE TRYING TO EXPLAIN THE MOTION OF OBJECTS IF YOU
CAN ONLY SEE A FRACTION OF THE MASS INVOLVED; IT SIMPLY WOULDN'T ADD UP.

THE CONCEPT OF DARK MATTER AROSE TO EXPLAIN DISCREPANCIES BETWEEN THE OBSERVED GRAVITATIONAL EFFECTS IN
CELESTIAL OBJECTS AND THE AMOUNT OF VISIBLE MATTER PRESENT. FOR DECADES, ASTRONOMERS HAVE NOTICED THAT
GALAXIES ROTATE MUCH FASTER THAN THEY SHOULD, BASED ON THE VISIBLE STARS, GAS, AND DUST THEY CONTAIN. W1 THoUT
AN ADDITIONAL SOURCE OF GRAVITY, THESE GALAXIES WOULD FLY APART. SIMILARLY, GALAXY CLUSTERS EXHIBIT MORE
GRAVITATIONAL PULL THAN CAN BE ACCOUNTED FOR BY THEIR LUMINOUS COMPONENTS. T HESE OBSERVATIONS STRONGLY
SUGGEST THE PRESENCE OF A SUBSTANTIAL, UNSEEN MASS — DARK MATTER — PROVIDING THE EXTRA GRAVITATIONAL
SCAFFOLDING NEEDED TO HOLD THESE STRUCTURES TOGETHER.

OBSERVATIONAL EVIDENCE FOR DARK MATTER IN GALAXIES

THE EVIDENCE FOR DARK MATTER IN GALAXIES IS MULTIFACETED AND COMPELLING, PRIMARILY STEMMING FROM ITS
GRAVITATIONAL INFLUENCE. ONE OF THE MOST ROBUST PIECES OF EVIDENCE COMES FROM GALAXY ROTATION CURVES. WHEN
ASTRONOMERS MEASURE THE SPEED AT WHICH STARS AND GAS ORBIT THE CENTER OF A SPIRAL GALAXY, THEY FIND THAT
OBJECTS FAR FROM THE CENTER ARE MOVING MUCH FASTER THAN PREDICTED BY NEW TONIAN GRAVITY, ASSUMING ONLY VISIBLE
MATTER IS PRESENT. INSTEAD OF THE ORBITAL SPEED DECREASING WITH DISTANCE FROM THE GALACTIC CENTER, AS EXPECTED
FOR KEPLERIAN ORBITS, THE SPEEDS REMAIN SURPRISINGLY CONSTANT OR EVEN SLIGHTLY INCREASE. THIS PHENOMENON IMPLIES
THAT THERE IS A SIGNIFICANT HALO OF INVISIBLE MASS SURROUNDING GALAXIES, EXTENDING FAR BEYOND THE VISIBLE DISK,
PROVIDING THE NECESSARY GRAVITATIONAL PULL TO KEEP THESE OUTER REGIONS MOVING SO RAPIDLY.



ANOTHER KEY PIECE OF EVIDENCE COMES FROM GRAVITATIONAL LENSING. MASSIVE OBJECTS, ACCORDING TO EINSTEIN'S THEORY
OF GENERAL RELATIVITY, WARP SPACETIME, CAUSING LIGHT FROM DISTANT SOURCES TO BEND AROUND THEM. THIS BENDING OF
LIGHT, KNOWN AS GRAVITATIONAL LENSING, CAN DISTORT THE IMAGES OF BACKGROUND GALAXIES, CREATING ARCS, MULTIPLE
IMAGES, OR MAGNIFIED VIEWS. BY STUDYING THE DEGREE OF LENSING CAUSED BY GALAXY CLUSTERS, ASTRONOMERS CAN MAP
THE DISTRIBUTION OF MASS WITHIN THESE CLUSTERS. THESE MASS MAPS CONSISTENTLY REVEAL FAR MORE MASS THAN CAN BE
ATTRIBUTED TO THE VISIBLE GALAXIES AND HOT GAS WITHIN THE CLUSTER, WITH THE EXCESS MASS ALIGNING PERFECTLY WITH
THE DISTRIBUTION EXPECTED FOR DARK MATTER HALOS.

e GALAXY RoTATION CURVES: STARS AND GAS IN GALACTIC OUTSKIRTS ORBIT TOO FAST FOR VISIBLE MATTER ALONE
TO EXPLAIN.

e GALAXY CLUSTERS: THE OBSERVED GRAVITATIONAL LENSING AND THE HIGH VELOCITIES OF GALAXIES WITHIN CLUSTERS
INDICATE A MUCH LARGER TOTAL MASS THAN IS VISIBLE.

o CosMic MickowAVE BackGround (CMB): FLUCTUATIONS IN THE CMB RADIATION PROVIDE DETAILED INFORMATION
ABOUT THE EARLY UNIVERSE'S COMPOSITION, STRONGLY SUPPORTING THE EXISTENCE AND ABUNDANCE OF DARK MATTER.

e L ARGE-SCALE STRUCTURE FORMATION: SIMULATIONS OF HOW THE UNIVERSE'S STRUCTURE EVOLVED FROM THE EARLY,
RELATIVELY SMOOTH STATE TO THE COMPLEX COSMIC WEB OF GALAXIES AND CLUSTERS OBSERVED TODAY REQUIRE
DARK MATTER TO PROVIDE THE INITIAL GRAVITATIONAL SEEDS FOR STRUCTURE FORMATION.

THe NATURE oF DARK MATTER: WHAT CouLp IT Be?

DESPITE THE OVERWHELMING EVIDENCE FOR ITS EXISTENCE, THE PRECISE COMPOSITION OF DARK MATTER REMAINS ONE OF THE
BIGGEST MYSTERIES IN MODERN PHYSICS. FOR A LONG TIME, THE LEADING CANDIDATES WERE W/EAKLY INTERACTING MASSIVE
PARTICLES (\W/IMPS). THESE HYPOTHETICAL PARTICLES ARE THOUGHT TO BE ELEMENTARY PARTICLES, MUCH LIKE PROTONS AND
ELECTRONS, BUT THEY INTERACT WITH ORDINARY MATTER ONLY THROUGH GRAVITY AND THE WEAK NUCLEAR FORCE, HENCE
“\WEAKLY INTERACTING.” THEIR LARGE MASS WOULD THEN EXPLAIN THE SUBSTANTIAL GRAVITATIONAL EFFECTS OBSERVED.
HoWEVER, EXTENSIVE EXPERIMENTAL SEARCHES FOR W/ IMPS, CONDUCTED IN DEEP UNDERGROUND LABORATORIES TO SHIELD
THEM FROM COSMIC RAYS, HAVE SO FAR YIELDED NO DEFINITIVE DETECTIONS, LEADING TO A REEVALUATION OF THESE
CANDIDATES.

As WIMP SEARCHES CONTINUE TO REFINE THEIR LIMITS, ALTERNATIVE THEORIES AND CANDIDATE PARTICLES HAVE GAINED
TRACTION. ONE SUCH IDEA INVOLVES AXIONS, WHICH ARE VERY LIGHT, HYPOTHETICAL PARTICLES ORIGINALLY PROPOSED TO
SOLVE A PROBLEM IN QUANTUM CHROMODYNAMICS. ANOTHER POSSIBILITY IS THAT DARK MATTER IS COMPOSED OF STERILE
NEUTRINOS, A TYPE OF NEUTRINO THAT INTERACTS EVEN MORE WEAKLY THAN THE KNOWN TYPES. THERE'S ALSO THE
POSSIBILITY THAT DARK MATTER ISN'T A SINGLE TYPE OF PARTICLE AT ALL, BUT A COLLECTION OF DIFFERENT EXOTIC
PARTICLES. SOME SCIENTISTS ARE EVEN EXPLORING MORE RADICAL IDEAS, SUCH AS MODIFICATIONS TO THE LAWS OF GRAVITY
ON LARGE SCALES, THOUGH THESE THEORIES FACE SIGNIFICANT CHALLENGES IN EXPLAINING ALL THE OBSERVED PHENOMENA AS
EFFECTIVELY AS DARK MATTER MODELS.

WHAT IS DARk ENERGY AND WHAT IS ITS ROLE?

W/HILE DARK MATTER ACTS AS AN INVISIBLE GRAVITATIONAL GLUE HOLDING GALAXIES AND CLUSTERS TOGETHER, DARK ENERGY
IS SOMETHING ENTIRELY DIFFERENT. |T IS A MYSTERIOUS FORCE THAT IS CAUSING THE EXPANSION OF THE UNIVERSE TO
ACCELERATE. UNLIKE DARK MATTER, WHICH CLUMPS TOGETHER AND EXERTS AN ATTRACTIVE GRAVITATIONAL FORCE, DARK
ENERGY APPEARS TO BE SMOOTHLY DISTRIBUTED THROUGHOUT SPACE AND EXERTS A REPULSIVE, OUTWARD PRESSURE. THIS

“ ANTI-GRAVITY" EFFECT IS THOUGHT TO BE RESPONSIBLE FOR PUSHING GALAXIES FURTHER AND FURTHER APART AT AN EVER-
INCREASING RATE. CURRENTLY, IT IS ESTIMATED TO CONSTITUTE ABOUT 680/0 OF THE TOTAL ENERGY DENSITY OF THE
UNIVERSE, MAKING IT THE DOMINANT COMPONENT OF THE COSMOS.



THE MOST WIDELY ACCEPTED EXPLANATION FOR DARK ENERGY IS THE COSMOLOGICAL CONSTANT, A CONCEPT FIRST
INTRODUCED BY ALBERT EINSTEIN. IN THIS MODEL, DARK ENERGY IS AN INTRINSIC PROPERTY OF SPACE ITSELF, AS THE UNIVERSE
EXPANDS AND MORE SPACE IS CREATED, THE AMOUNT OF DARK ENERGY INCREASES PROPORTIONALLY, DRIVING FURTHER
EXPANSION. ANOTHER POSSIBILITY IS THAT DARK ENERGY IS A DYNAMIC FIELD, KNOWN AS QUINTESSENCE, WHICH CHANGES OVER
TIME AND SPACE. REGARDLESS OF ITS EXACT NATURE, DARK ENERGY'S ROLE IS FUNDAMENTALLY ABOUT EXPANSION. IT'S THE
COSMIC FORCE THAT'S WINNING THE ULTIMATE TUG-OF-WAR, STRETCHING THE FABRIC OF SPACETIME AND DICTATING THE
UNIVERSE'S LONG-TERM FATE.

OBSERVATIONAL EVIDENCE FOR DARK ENERGY'S INFLUENCE

THE DISCOVERY OF DARK ENERGY'S EXISTENCE WAS A PROFOUND MOMENT IN COSMOLOGY, LARGELY DRIVEN BY OBSERVATIONS
OF DISTANT SUPERNOVAE. IN THE LATE 19905, TWO INDEPENDENT TEAMS OF ASTRONOMERS STUDYING T YPE |A SUPERNOVAE —
A TYPE OF STELLAR EXPLOSION THAT HAS A CONSISTENT INTRINSIC BRIGHTNESS — MADE A STARTLING DISCOVERY. THEY FOUND
THAT THESE DISTANT SUPERNOVAE WERE FAINTER THAN EXPECTED, MEANING THEY WERE FURTHER AWAY THAN THEY SHOULD
HAVE BEEN IF THE UNIVERSE'S EXPANSION HAD BEEN CONSTANT OR DECELERATING. THIS OBSERVATION PROVIDED THE FIRST
DIRECT EVIDENCE THAT THE EXPANSION OF THE UNIVERSE IS NOT ONLY ONGOING BUT IS ACTUALLY ACCELERATING.

FURTHER EVIDENCE FOR DARK ENERGY HAS BEEN GATHERED FROM STUDIES OF THE CoSMIC MICROW AVE BACKGROUND (CMB)
RADIATION, THE AFTERGLOW OF THE BiG BANG. THE PRECISE PATTERNS OF TEMPERATURE FLUCTUATIONS IN THE CMB PROVIDE
A SNAPSHOT OF THE EARLY UNIVERSE AND ITS COMPOSITION. ANALYSIS OF THESE PATTERNS STRONGLY SUPPORTS A UNIVERSE
DOMINATED BY DARK ENERGY, WITH DARK MATTER AND ORDINARY MATTER PLAYING SMALLER, BUT STILL SIGNIFICANT, ROLES.
THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, INCLUDING THE DISTRIBUTION OF GALAXIES AND GALAXY CLUSTERS, ALSO
PROVIDES SUPPORTING EVIDENCE. THE WAY THESE STRUCTURES HAVE FORMED AND EVOLVED OVER COSMIC TIME IS CONSISTENT
WITH A SCENARIO WHERE DARK ENERGY HAS BEEN PROGRESSIVELY INCREASING ITS INFLUENCE, COUNTERACTING THE
GRAVITATIONAL PULL THAT WOULD OTHERWISE SLOW DOWN EXPANSION AND ENCOURAGE CLUMPING.

THe CosMic TuG-oF-W AR: DArRk MATTER VS. DARK ENERGY IN GALAXIES

W/ ITHIN THE GRAND TAPESTRY OF GALAXIES, DARK MATTER AND DARK ENERGY ARE ENGAGED IN A COSMIC TUG-OF-WAR, EACH
PLAYING A CRITICAL, YET OPPOSING, ROLE. DARK MATTER, WITH ITS ATTRACTIVE GRAVITATIONAL FORCE, IS THE ARCHITECT
OF GALACTIC STRUCTURES. |IT PROVIDED THE INITIAL GRAVITATIONAL SEEDS IN THE EARLY UNIVERSE, ATTRACTING ORDINARY
MATTER AND ALLOWING THE FIRST STARS AND GALAXIES TO FORM. WITHOUT DARK MATTER'S GRAVITATIONAL DOMINANCE,
THE UNIVERSE WOULD LIKELY BE A FAR MORE HOMOGENOUS AND LESS STRUCTURED PLACE, DEVOID OF THE GRAND COSMIC WEB
\WE OBSERVE TODAY.

DARK ENERGY, CONVERSELY, IS THE FORCE OF COSMIC EXPANSION. \W/HILE DARK MATTER WORKS TO PULL THINGS TOGETHER ON
LOCAL SCALES, FORMING AND HOLDING GALAXIES AND CLUSTERS, DARK ENERGY WORKS ON THE LARGEST SCALES TO PUSH
EVERYTHING APART. IN THE EARLY UNIVERSE, MATTER — BOTH ORDINARY AND DARK — WAS DENSER, AND ITS GRAVITATIONAL
PULL \WAS MORE DOMINANT , SLOWING DOWN THE INITIAL RAPID EXPANSION. HO\X/EVER, AS THE UNIVERSE EXPANDED AND MATTER
BECAME MORE SPREAD OUT, THE INFLUENCE OF DARK ENERGY, WHICH SEEMS TO BE A CONSTANT OR SLOWLY VARYING PROPERTY
OF SPACE ITSELF, BEGAN TO DOMINATE. THIS SHIFT IN DOMINANCE IS WHAT LED TO THE OBSERVED ACCELERATION OF COSMIC
EXPANSION. SO, WHILE DARK MATTER IS RESPONSIBLE FOR THE FORMATION AND INTEGRITY OF GALAXIES, DARK ENERGY IS
SLOWLY BUT SURELY STRETCHING THE SPACE BETWEEN THEM, ULTIMATELY DICTATING THE UNIVERSE'S LONG-TERM DESTINY BY
PREVENTING FUTURE MERGERS AND ISOLATING GALAXIES INTO EVER-EXPANDING VOIDS.

THE FUTURE oF DARKk MATTER AND DARK ENERGY RESEARCH

THE ONGOING QUEST TO UNDERSTAND DARK MATTER AND DARK ENERGY IS AT THE FOREFRONT OF ASTRONOMICAL AND
COSMOLOGICAL RESEARCH. FOR DARK MATTER, EXPERIMENTS CONTINUE TO PUSH THE BOUNDARIES OF SENSITIVITY IN DIRECT
DETECTION. THESE EXPERIMENTS ARE LOCATED DEEP UNDERGROUND, SHIELDED FROM COSMIC RAY INTERFERENCE, USING HIGHLY



SENSITIVE DETECTORS DESIGNED TO REGISTER THE FAINT INTERACTION OF A DARK MATTER PARTICLE WITH ORDINARY MATTER.
INDIRECT DETECTION EXPERIMENTS LOOK FOR THE BYPRODUCTS OF DARK MATTER ANNIHILATION OR DECAY, SUCH AS GAMMA
RAYS OR NEUTRINOS, ORIGINATING FROM REGIONS WHERE DARK MATTER IS EXPECTED TO BE ABUNDANT, LIKE THE GALACTIC
CENTER OR DWARF GALAXIES. PARTICLE COLLIDERS, LIKE THE L ARGE HADRON COLLIDER, ALSO PLAY A ROLE, ATTEMPTING TO
CREATE DARK MATTER PARTICLES IN HIGH-ENERGY COLLISIONS, ALTHOUGH SO FAR WITHOUT SUCCESS.

RESEARCH INTO DARK ENERGY IS EQUALLY AMBITIOUS. SCIENTISTS ARE USING A VARIETY OF OBSERVATIONAL TECHNIQUES TO
PRECISELY MEASURE THE EXPANSION RATE OF THE UNIVERSE ACROSS DIFFERENT EPOCHS. PROJECTS LIKE THE DARK ENERGY
Survey (DES) AND UPCOMING MISSIONS LIKE THE NANCY GRACE ROMAN SPACE TELESCOPE ARE METICULOUSLY MAPPING THE
DISTRIBUTION OF GALAXIES AND STUDYING SUPERNOVAE TO CONSTRAIN THE PROPERTIES OF DARK ENERGY. FUTURE
OBSERVATIONS WILL FOCUS ON UNDERSTANDING WHETHER DARK ENERGY IS TRULY A CONSTANT (THE COSMOLOGICAL
CONSTANT) OR IF ITS DENSITY CHANGES OVER TIME (A DYNAMIC FIELD LIKE QUINTESSENCE). THE SYNERGY BETWEEN DIFFERENT
OBSERVATIONAL PROBES, COUPLED WITH THEORETICAL ADVANCEMENTS, HOLDS THE KEY TO UNLOCKING THE SECRETS OF THESE
ENIGMATIC COMPONENTS THAT SHAPE OUR UNIVERSE.

FREQUENTLY AskeD QUESTIONS ABOUT DARk MATTER VS. DARk ENERGY IN GALAXIES

Q: WHAT IS THE PRIMARY DIFFERENCE BETWEEN DARK MATTER AND DARK ENERGY IN THE
CONTEXT OF GALAXIES?

A: THE PRIMARY DIFFERENCE LIES IN THEIR FUNDAMENTAL EFFECTS. DARK MATTER PROVIDES THE EXTRA GRAVITATIONAL PULL
THAT HOLDS GALAXIES TOGETHER AND FACILITATES THEIR FORMATION, ACTING AS A COSMIC ADHESIVE. DARK ENERGY, ON THE
OTHER HAND, EXERTS A REPULSIVE FORCE THAT DRIVES THE ACCELERATED EXPANSION OF THE UNIVERSE, PUSHING GALAXIES
APART ON LARGE SCALES.

QZ CAN WE SEE DARK MATTER OR DARK ENERGY WITH TELESCOPES?

A: NO, NEITHER DARK MATTER NOR DARK ENERGY CAN BE DIRECTLY SEEN WITH TELESCOPES BECAUSE THEY DO NOT INTERACT
WITH LIGHT (ELECTROMAGNETIC RADIATION) IN ANY SIGNIFICANT WAY. THEIR PRESENCE IS INFERRED THROUGH THEIR
GRAVITATIONAL EFFECTS ON VISIBLE MATTER AND THE EXPANSION OF THE UNIVERSE.

QI How DOES DARK MATTER INFLUENCE THE STRUCTURE AND ROTATION OF GALAXIES?

A: DARK MATTER FORMS VAST HALOS AROUND GALAXIES, EXTENDING FAR BEYOND THE VISIBLE STARS AND GAS. THIS HALO'S
IMMENSE GRAVITATIONAL INFLUENCE IS WHAT ALLOWS GALAXIES TO ROTATE MUCH FASTER THAN THEY WOULD IF ONLY VISIBLE
MATTER WERE PRESENT, PREVENTING THEM FROM FLYING APART. IT ALSO PLAYS A CRUCIAL ROLE IN THE INITIAL FORMATION OF
GALAXIES BY PROVIDING THE GRAVITATIONAL SCAFFOLDING FOR ORDINARY MATTER TO GATHER.

Q: \WHAT IS THE EVIDENCE FOR DARK ENERGY'S ROLE IN THE UNIVERSE'S EXPANSION?

A: THE MOST COMPELLING EVIDENCE FOR DARK ENERGY COMES FROM OBSERVATIONS OF TYPE |A SUPERNOVAE, WHICH APPEAR
FAINTER AND THUS FURTHER AWAY THAN EXPECTED, INDICATING AN ACCELERATING EXPANSION. OTHER EVIDENCE INCLUDES
STUDIES OF THE CoSMIC MICROWAVE BACKGROUND AND THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, ALL OF WHICH ARE
CONSISTENT WITH A UNIVERSE DOMINATED BY A REPULSIVE ENERGY COMPONENT.

Q: IS DARK MATTER RELATED TO DARK ENERGY, OR ARE THEY COMPLETELY SEPARATE
PHENOMENA?

A: WHILE BOTH ARE “DARK” AND MYSTERIOUS, THEY ARE CURRENTLY UNDERSTOOD AS SEPARATE PHENOMENA WITH DISTINCT
1
ROLES. DARK MATTER IS A FORM OF MATTER THAT EXERTS ATTRACTIVE GRAVITY, WHILE DARK ENERGY IS A FORM OF ENERGY



THAT EXERTS A REPULSIVE FORCE. THEIR INTERACTION AND POTENTIAL DEEPER CONNECTIONS ARE AREAS OF ACTIVE RESEARCH.

Q: IF DARK ENERGY IS PUSHING GALAXIES APART, DOES THAT MEAN OUR OWN GALAXY,
THE MiLky WAY, IS EXPANDING?

A: NO/ DARK ENERGY'S EFFECT IS DOMINANT ON VERY LARGE COSMOLOGICAL SCALES, TYPICALLY BETWEEN GALAXY CLUSTERS.
W/ ITHIN GRAVITATIONALLY BOUND SYSTEMS LIKE OUR SOLAR SYSTEM OR THE MiLkY W AY GALAXY, THE ATTRACTIVE FORCE
OF GRAVITY IS FAR STRONGER THAN THE REPULSIVE EFFECT OF DARK ENERGY, SO THESE STRUCTURES ARE NOT EXPANDING.

Q: WHAT ARE SOME OF THE LEADING CANDIDATES FOR WHAT DARK MATTER PARTICLES
MIGHT BE?

A: LEADING CANDIDATES FOR DARK MATTER PARTICLES INCLUDE WEAKLY INTERACTING MASSIVE ParTICLES (\WIMPS),
AXIONS, AND STERILE NEUTRINOS. HOWEVER, EXPERIMENTAL SEARCHES FOR THESE CANDIDATES HAVE NOT YET YIELDED
DEFINITIVE DETECTIONS, LEADING TO ONGOING THEORETICAL AND EXPERIMENTAL EXPLORATION OF OTHER POSSIBILITIES.
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