DARK MATTER PROPERTIES

UNDERSTANDING DARK MATTER PROPERTIES: AN UNSEEN FORCE SHAPING THE UNIVERSE

DARK MATTER PROPERTIES HAVE LONG BEEN ONE OF THE MOST PROFOUND MYSTERIES IN MODERN COSMOLOGY, A SUBSTANCE
THAT SEEMINGLY DICTATES THE STRUCTURE AND EVOLUTION OF THE COSMOS WITHOUT DIRECTLY INTERACTING WITH LIGHT.
DESPITE ITS INVISIBILITY, ITS GRAVITATIONAL INFLUENCE IS UNDENIABLE, SHAPING GALAXIES AND COSMIC STRUCTURES IN WAYS
THAT ORDINARY MATTER CANNOT EXPLAIN. THIS ARTICLE DELVES DEEP INTO THE ENIGMATIC CHARACTERISTICS OF DARK
MATTER, EXPLORING ITS INFERRED PROPERTIES, THE ONGOING SCIENTIFIC QUESTS TO DETECT IT, AND ITS CRUCIAL ROLE IN OUR
CURRENT UNDERSTANDING OF THE UNIVERSE. WE WILL EXAMINE WHAT WE KNOW , WHAT WE SUSPECT, AND THE CUTTING-EDGE
RESEARCH PUSHING THE BOUNDARIES OF OUR KNOWLEDGE ABOUT THIS ELUSIVE COSMIC COMPONENT.JOIN US AS WE UNRAVEL
THE SECRETS OF DARK MATTER AND ITS PROFOUND IMPLICATIONS FOR ASTROPHYSICS AND FUNDAMENTAL PHYSICS.
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WHAT Is DARK MATTER?

AT ITS CORE, DARK MATTER IS DEFINED BY ITS LACK OF ELECTROMAGNETIC INTERACTION. THIS MEANS IT DOESN'T EMIT, ABSORB,
OR REFLECT LIGHT, MAKING IT COMPLETELY INVISIBLE TO OUR TELESCOPES AND OTHER ELECTROMAGNETIC SENSORS. THis
FUNDAMENTAL PROPERTY IS WHAT GIVES IT ITS NAME — “DARK.” HO\X/EVER/ ITS PRESENCE IS INFERRED THROUGH ITS
GRAVITATIONAL EFFECTS ON VISIBLE MATTER, RADIATION, AND THE LARGE-SCALE STRUCTURE OF THE UNIVERSE. THINK OF IT AS
AN UNSEEN HAND GUIDING THE COSMIC DANCE, A SUBSTANCE WHOSE GRAVITATIONAL PULL IS STRONG ENOUGH TO HOLD
GALAXIES TOGETHER AND TO FORM THE COSMIC WEB THAT STRETCHES ACROSS BILLIONS OF LIGHT-YEARS.

THE REALIZATION THAT OUR VISIBLE UNIVERSE IS ONLY A FRACTION OF ITS TOTAL MASS-ENERGY CONTENT CAME FROM
OBSERVATIONS MADE BY ASTRONOMERS LIKE VERA RUBIN IN THE LATE 1970s. SHE NOTICED THAT STARS ON THE OUTER EDGES
OF GALAXIES WERE ORBITING MUCH FASTER THAN PREDICTED BY THE VISIBLE MATTER ALONE. IF ONLY THE VISIBLE MATTER WERE
PRESENT, THESE STARS WOULD BE FLUNG OUT INTO INTERGALACTIC SPACE. THE FACT THAT THEY REMAIN BOUND IMPLIES THE
EXISTENCE OF A SIGNIFICANT AMOUNT OF UNSEEN MASS, PROVIDING A GRAVITATIONAL ANCHOR. THIS WAS ONE OF THE EARLIEST
AND MOST COMPELLING PIECES OF EVIDENCE POINTING TOWARDS THE EXISTENCE OF DARK MATTER, SUGGESTING ITS PROPERTIES
ARE FUNDAMENTALLY DIFFERENT FROM BARYONIC MATTER (THE STUFF THAT MAKES UP STARS, PLANETS, AND US).

INDIRECT EVIDENCE FOR DARK MATTER PROPERTIES

THE COSMIC MICROWAVE BACKGROUND (CMB) RADIATION, THE AFTERGLOW OF THE BIG BANG, PROVIDES ONE OF THE MOST
ROBUST LINES OF EVIDENCE FOR DARK MATTER. TINY TEMPERATURE FLUCTUATIONS IN THE CMB REVEAL THE EARLY
DISTRIBUTION OF MATTER IN THE UNIVERSE. THE PATTERN OF THESE FLUCTUATIONS IS EXQUISITELY SENSITIVE TO THE
PROPORTIONS OF DIFFERENT COMPONENTS OF THE UNIVERSE, INCLUDING DARK MATTER. PRECISE MEASUREMENTS FROM MISSIONS
LIKE WMAP AND PLANCK HAVE SHOWN THAT THE UNIVERSE IS COMPOSED OF ROUGHLY 59, ORDINARY MATTER, 27 Y DARK
MATTER, AND 689, DARK ENERGY. THE ACOUSTIC OSCILLATIONS IMPRINTED ON THE CMB CAN ONLY BE EXPLAINED IF DARK
MATTER WAS ALREADY PRESENT, CLUSTERING GRAVITATIONALLY AND PROVIDING THE SCAFFOLDING FOR ORDINARY MATTER TO
COLLAPSE ONTO.

FURTHERMORE, THE BEHAVIOR OF GALAXY CLUSTERS OFFERS COMPELLING INSIGHTS INTO DARK MATTER PROPERTIES. GALAXY
CLUSTERS ARE THE LARGEST GRAVITATIONALLY BOUND STRUCTURES IN THE UNIVERSE. OBSERVATIONS OF HOW GALAXIES



MOVE WITHIN THESE CLUSTERS, AND THE TEMPERATURE AND DISTRIBUTION OF HOT GAS TRAPPED WITHIN THEM, INDICATE A MASS
FAR EXCEEDING THAT OF THE VISIBLE GALAXIES AND GAS. GRAVITATIONAL LENSING, THE BENDING OF LIGHT FROM DISTANT
OBJECTS BY MASSIVE FOREGROUND OBJECTS, IS ANOTHER POWERFUL TOOL. THE DEGREE TO WHICH LIGHT IS LENSED BY GALAXY
CLUSTERS ALLOWS ASTRONOMERS TO MAP THE DISTRIBUTION OF MASS, REVEALING THAT THE VAST MAJORITY OF THIS MASS IS
INVISIBLE, CONSISTENT WITH DARK MATTER. THE UNIFORMITY OF THESE LENSING EFFECTS ACROSS NUMEROUS CLUSTERS FURTHER
SOLIDIFIES THE NOTION OF DARK MATTER'S PERVASIVE INFLUENCE AND HINTS AT ITS CONSISTENT PROPERTIES THROUGHOUT THE
COSMOs.

GRAVITATIONAL LENSING AS A PROBE

GRAVITATIONAL LENSING ACTS LIKE A COSMIC MAGNIFYING GLASS, REVEALING THE UNSEEN. \W/HEN LIGHT FROM A DISTANT
GALAXY PASSES BY A MASSIVE OBJECT, SUCH AS A GALAXY CLUSTER, ITS PATH IS BENT BY THE OBJECTIS GRAVITATIONAL
PULL. THIS BENDING CAN DISTORT THE IMAGE OF THE BACKGROUND GALAXY, CREATING ARCS, MULTIPLE IMAGES, OR EVEN A
COMPLETE RING (AN EINSTEIN RING). BY ANALYZING THESE DISTORTIONS, ASTRONOMERS CAN PRECISELY MAP THE DISTRIBUTION
OF MASS WITHIN THE FOREGROUND OBJECT. THE CONSISTENCY OF THESE MASS MAPS, SHOWING A SUBSTANTIAL AMOUNT OF
MASS WHERE NO VISIBLE MATTER IS PRESENT, STRONGLY SUGGESTS THE PRESENCE OF DARK MATTER. THIS TECHNIQUE ALLOWS
US TO ESSENTIALLY “SEE” THE GRAVITATIONAL FOOTPRINT OF DARK MATTER, PROVIDING AN INDEPENDENT CONFIRMATION OF ITS
EXISTENCE AND OFFERING CLUES ABOUT ITS DENSITY AND DISTRIBUTION.

GALAXY RoTATION CURVES AND DYNAMICS

THE STUDY OF GALAXY ROTATION CURVES REMAINS A CORNERSTONE OF DARK MATTER EVIDENCE. AS MENTIONED EARLIER,
STARS AND GAS CLOUDS IN THE OUTER REGIONS OF SPIRAL GALAXIES ORBIT AT SPEEDS THAT ARE FAR TOO HIGH TO BE
EXPLAINED BY THE GRAVITY OF THE VISIBLE STARS AND GAS ALONE. |F THE GRAVITATIONAL FORCE WERE ONLY DUE TO VISIBLE
MATTER, THE ORBITAL SPEEDS SHOULD DECREASE WITH DISTANCE FROM THE GALACTIC CENTER, SIMILAR TO HOW PLANETS
FARTHER FROM THE SUN ORBIT MORE SLOWLY. |NSTEAD, THESE SPEEDS REMAIN REMARKABLY CONSTANT OR EVEN SLIGHTLY
INCREASE, INDICATING THE PRESENCE OF A MASSIVE, INVISIBLE HALO OF DARK MATTER SURROUNDING GALAXIES. THIS HALO
EXTENDS FAR BEYOND THE VISIBLE DISK, PROVIDING THE NECESSARY GRAVITATIONAL PULL TO KEEP THESE FAST-MOVING OUTER
STARS IN ORBIT. THE SHAPE AND EXTENT OF THESE DARK MATTER HALOS ALSO SUGGEST SPECIFIC PROPERTIES, SUCH AS THEIR
DENSITY PROFILE.

DirecT DeTECTION EFFORTS: THE SEARCH FOR DARK MATTER PARTICLES

W/HILE INDIRECT EVIDENCE IS ABUNDANT, THE ULTIMATE PROOF OF DARK MATTER'S EXISTENCE WOULD COME FROM DIRECTLY
DETECTING ITS CONSTITUENT PARTICLES. SCIENTISTS ARE EMPLOYING SOPHISTICATED EXPERIMENTS DEEP UNDERGROUND TO
SHIELD THEM FROM COSMIC RAYS AND OTHER BACKGROUND NOISE. THESE DETECTORS ARE DESIGNED TO REGISTER THE FAINT
RECOIL OF AN ATOMIC NUCLEUS WHEN IT IS STRUCK BY A HYPOTHETICAL DARK MATTER PARTICLE. THE CHALLENGE LIES IN THE
EXCEEDINGLY WEAK INTERACTION EXPECTED BETWEEN DARK MATTER PARTICLES AND ORDINARY MATTER, THESE COLLISIONS ARE
PREDICTED TO BE INCREDIBLY RARE AND PRODUCE VERY SUBTLE SIGNALS.

THESE DIRECT DETECTION EXPERIMENTS ARE INCREDIBLY SENSITIVE AND ARE CONTINUOUSLY BEING UPGRADED TO IMPROVE THEIR
CAPABILITIES. THEY REPRESENT HUMANITY'S MOST AMBITIOUS ATTEMPT TO PHYSICALLY TOUCH AND MEASURE THE PROPERTIES
OF DARK MATTER. THE DESIGN AND LOCATION OF THESE DETECTORS ARE CRUCIAL; BEING DEEP UNDERGROUND MINIMIZES
INTERFERENCE FROM OTHER PARTICLES THAT COULD MIMIC A DARK MATTER SIGNAL. SCIENTISTS ARE LOOKING FOR SPECIFIC TYPES
OF INTERACTIONS, HOPING TO IDENTIFY THE MASS AND INTERACTION STRENGTH OF THE DARK MATTER PARTICLE. THE SEARCH IS
A RACE AGAINST TIME AND TECHNOLOGICAL LIMITATIONS, PUSHING THE BOUNDARIES OF PHYSICS AND ENGINEERING.



UNDERGROUND L ABORATORIES AND DETECTOR | ECHNOLOGIES

KEY TO THE SUCCESS OF DIRECT DETECTION EXPERIMENTS IS THE USE OF DEEP UNDERGROUND LABORATORIES. SITES LIKE THE
GRAN SASSO NATIONAL LABORATORY IN ITALY, SNOLAB IN CANADA, AND SURF IN THE UNITED STATES PROVIDE NATURAL
SHIELDING FROM COSMIC RADIATION. THIS ISOLATION IS PARAMOUNT BECAUSE EVEN A SINGLE STRAY MUON CAN GENERATE
SIGNALS THAT MIGHT BE MISTAKEN FOR A GENUINE DARK MATTER INTERACTION. THE DETECTORS THEMSELVES ARE MARVELS OF
ENGINEERING, OFTEN EMPLOYING ULTRA-PURE MATERIALS AND CRYOGENIC COOLING. TECHNOLOGIES RANGE FROM NOBLE LIQUID
DETECTORS (LIKE XENON AND ARGON) THAT SCINTILLATE OR IONIZE WHEN A DARK MATTER PARTICLE INTERACTS, TO CRYOGENIC
BOLOMETERS THAT MEASURE THE MINUSCULE HEAT GENERATED BY SUCH AN INTERACTION. EACH TECHNOLOGY OFFERS A UNIQUE
WAY TO “LISTEN” FOR THE ELUSIVE WHISPER OF DARK MATTER.

THE HUNT For WIMPs AND AXIONS

THE PRIMARY CANDIDATES FOR DARK MATTER PARTICLES ARE WEAKLY INTERACTING MAssIVE ParTIcLES (\WIMPS) AND
AXIONS. WIMPS ARE HYPOTHETICAL PARTICLES THAT INTERACT ONLY THROUGH GRAVITY AND THE WEAK NUCLEAR FORCE,
MAKING THEM PERFECT CANDIDATES FOR DARK MATTER. EXPERIMENTS LikE LUX-ZEPLIN (LZ) anp SuperCDMS ARE
SPECIFICALLY DESIGNED TO SEARCH FOR W/ IMPS. AXIONS, ON THE OTHER HAND, ARE MUCH LIGHTER HYPOTHETICAL PARTICLES
THAT WERE ORIGINALLY PROPOSED TO SOLVE A PROBLEM IN QUANTUM CHROMODYNAMICS. EXPERIMENTS LIKE ADMX (AxION
DARK MATTER EXPERIMENT) ARE ATTEMPTING TO DETECT AXIONS BY CONVERTING THEM INTO DETECTABLE PHOTONS IN THE
PRESENCE OF STRONG MAGNETIC FIELDS. T HE ONGOING SEARCH FOR BOTH W/IMPS AND AXIONS IS DRIVEN BY THE HOPE THAT ONE
OF THESE THEORETICAL CANDIDATES WILL FINALLY BE EXPERIMENTALLY CONFIRMED, REVEALING THE FUNDAMENT AL NATURE OF
DARK MATTER PROPERTIES.

THEORETICAL FRAMEWORKS FOR DARK MATTER PROPERTIES

THE LACK OF DIRECT DETECTION HAS LED THEORISTS TO EXPLORE A WIDE ARRAY OF POSSIBILITIES FOR THE NATURE OF DARK
MATTER. WHILE WIMPS AND AXIONS ARE POPULAR, OTHER CANDIDATES INCLUDE STERILE NEUTRINOS, PRIMORDIAL BLACK
HOLES, AND EVEN MODIFICATIONS TO THE LAWS OF GRAVITY. EACH THEORETICAL FRAMEWORK OFFERS A DIFFERENT SET OF
PREDICTIONS FOR THE PROPERTIES OF DARK MATTER, GUIDING EXPERIMENTAL SEARCHES AND INFLUENCING OUR UNDERSTANDING OF
ITS ROLE IN THE UNIVERSE'S EVOLUTION. THE DIVERSITY OF THESE THEORIES UNDERSCORES THE COMPLEXITY AND DEPTH OF THE
DARK MATTER PUZZLE.

THE PROPERTIES OF DARK MATTER ARE NOT JUST ABOUT ITS INTERACTION STRENGTH; THEY ALSO ENCOMPASS ITS MASS, ITS
VELOCITY DISTRIBUTION, AND ITS SPATIAL DISTRIBUTION. For INSTANCE, IF DARK MATTER PARTICLES WERE VERY LIGHT AND
MOVED AT RELATIVISTIC SPEEDS, THEY WOULD BE CONSIDERED “HoT” DARK MATTER, WHICH WOULD HAVE SMOOTHED OUT
SMALL-SCALE STRUCTURES IN THE EARLY UNIVERSE, CONTRARY TO OBSERVATIONS. CONVERSELY, “coLp” bARrk MATTER,
COMPRISING MASSIVE, SLOW-MOVING PARTICLES, WOULD ALLOW FOR THE FORMATION OF THE SMALL-SCALE STRUCTURES LIKE
GALAXIES THAT WE OBSERVE. THIS DISTINCTION IS CRUCIAL FOR COSMOLOGICAL MODELS AND SHAPES THE PREDICTIONS FOR
HOW DARK MATTER SHOULD CLUMP AND INTERACT GRAVITATIONALLY.

CoLp DARk MATTER VS. W ARM DARK MATTER

THE PREVAILING COSMOLOGICAL MODEL, THE L AMBDA-CDM MoDEL, ReLIES ON CoLb DArk MATTER (CDM). THe “coLp”
DESIGNATION REFERS TO THE PARTICLES BEING NON-RELATIVISTIC (MOVING MUCH SLOWER THAN THE SPEED OF LIGHT) AT THE
TIME OF STRUCTURE FORMATION. THIS CHARACTERISTIC IS ESSENTIAL FOR EXPLAINING THE HIERARCHICAL FORMATION OF COSMIC
STRUCTURES, WHERE SMALL STRUCTURES LIKE DW ARF GALAXIES FORM FIRST AND THEN MERGE TO CREATE LARGER GALAXIES AND
GALAXY CLUSTERS. W ARM DARK MATTER (\W/DM), ON THE OTHER HAND, WOULD HAVE HAD HIGHER VELOCITIES IN THE EARLY
UNIVERSE, WHICH WOULD HAVE SUPPRESSED THE FORMATION OF THE SMALLEST STRUCTURES. WHILE CDM HAS BEEN
REMARKABLY SUCCESSFUL, SOME DISCREPANCIES AT THE SMALLEST SCALES (LIKE THE “CUSP-CORE” PROBLEM) HAVE LED SOME
RESEARCHERS TO EXPLORE W/DM MODELS WITH SLIGHTLY MORE MASSIVE PARTICLES THAN ORIGINALLY ENVISIONED.



MACHOSs AND PrIMORDIAL BLACK HOLES

ANOTHER AVENUE OF INVESTIGATION INVOLVES MASSIVE AsTRoPHYSICAL CoMPACT HaLo OgjecTs (MACHOS). THESE ARE
NON-LUMINOUS BARYONIC OBJECTS THAT COULD RESIDE IN GALACTIC HALOS AND CONTRIBUTE TO THE MISSING MASS. EXAMPLES
INCLUDE BROWN DWARFS, NEUTRON STARS, AND STELLAR-MASS BLACK HOLES. HOWEVER, SEARCHES FOR MACHOS USING
GRAVITATIONAL MICROLENSING HAVE LARGELY RULED THEM OUT AS A SIGNIFICANT COMPONENT OF DARK MATTER. PRIMORDIAL
BLACK HOLES, FORMED IN THE VERY EARLY UNIVERSE RATHER THAN FROM STELLAR COLLAPSE, REMAIN A MORE VIABLE, ALBEIT
STILL SPECULATIVE, DARK MATTER CANDIDATE. THEIR DETECTION WOULD REQUIRE OBSERVING GRAVITATIONAL LENSING EVENTS
OR DETECTING THEIR HAWKING RADIATION, WHICH IS EXTREMELY FAINT.

THE CosMoLOGICAL SIGNIFICANCE oF DARK MATTER PROPERTIES

THE VERY EXISTENCE OF DARK MATTER AND ITS INFERRED PROPERTIES ARE FOUNDATIONAL TO OUR CURRENT UNDERSTANDING OF
COSMOLOGY. WITHOUT DARK MATTER, THE UNIVERSE AS WE KNOW IT = WITH ITS GALAXIES, CLUSTERS, AND THE COSMIC WEB
= SIMPLY COULD NOT HAVE FORMED. |TS GRAVITATIONAL PULL ACTED AS THE ESSENTIAL SEED FOR STRUCTURE FORMATION IN
THE EARLY UNIVERSE. ORDINARY MATTER, INTERACTING WITH RADIATION, WAS INITIALLY PREVENTED FROM CLUMPING BY THE
INTENSE PRESSURE OF PHOTONS. DARK MATTER, BEING ELECTROMAGNETICALLY INERT, COULD BEGIN TO GRAVITATIONALLY
COLLAPSE MUCH EARLIER, FORMING POTENTIAL WELLS THAT THEN ATTRACTED BARYONIC MATTER AFTER THE UNIVERSE COOLED
SUFFICIENTLY.

UNDERST ANDING DARK MATTER PROPERTIES IS NOT JUST ABOUT SOLVING A COSMIC ENIGMA; IT HAS PROFOUND IMPLICATIONS
FOR FUNDAMENTAL PHYSICS. THE DISCOVERY OF A NEW FUNDAMENTAL PARTICLE WOULD REVOLUTIONIZE PARTICLE PHYSICS,
POTENTIALLY LEADING TO A “NEW PHYSICS” BEYOND THE STANDARD MODEL. T COULD ALSO SHED LIGHT ON SOME OF THE
DEEPEST QUESTIONS IN PHYSICS, SUCH AS THE HIERARCHY PROBLEM (\X/HY GRAVITY IS SO MUCH WEAKER THAN OTHER FORCES)
OR THE UNIFICATION OF FORCES. THE ONGOING QUEST TO DECIPHER DARK MATTER PROPERTIES IS THUS A JOURNEY INTO THE
VERY FABRIC OF REALITY, PUSHING THE BOUNDARIES OF OUR KNOWLEDGE ABOUT THE UNIVERSE AND ITS FUNDAMENTAL
CONSTITUENTS.

STRUCTURE FORMATION AND THE CosMiC WEB

THE PROPERTIES OF DARK MATTER ARE INTRINSICALLY LINKED TO THE FORMATION OF THE LARGE-SCALE STRUCTURE OF THE
UNIVERSE, OFTEN REFERRED TO AS THE COSMIC WEB. THIS VAST NETWORK OF FILAMENTS, VOIDS, AND CLUSTERS IS SCULPTED
BY GRAVITY OVER BILLIONS OF YEARS. SIMULATIONS BASED ON THE CoLD DARK MATTER MODEL ACCURATELY REPRODUCE THE
OBSERVED DISTRIBUTION OF GALAXIES AND CLUSTERS, FROM THE SMALLEST DWARF GALAXIES TO THE LARGEST
SUPERCLUSTERS. THE GRAVITATIONAL INFLUENCE OF DARK MATTER DICTATES WHERE MATTER ACCUMULATES, FORMING THE
DENSE KNOTS OF THE COSMIC WEB WHERE GALAXIES RESIDE, AND LEAVING THE VAST, NEARTEMPTY REGIONS AS COSMIC VOIDS.
THE PRECISE PROPERTIES OF DARK MATTER, SUCH AS ITS DENSITY AND ITS SELF-INTERACTION CROSS-SECTION (IF ANY)/ FINE-
TUNE THESE SIMULATIONS AND ARE CONTINUOUSLY TESTED AGAINST OBSERVATIONAL DATA.

IMPLICATIONS FOR FUNDAMENTAL PHYSICS

THE SEARCH FOR DARK MATTER IS INEXTRICABLY TIED TO THE QUEST FOR A MORE COMPLETE UNDERSTANDING OF FUNDAMENTAL
PHYSICS. |F DARK MATTER IS INDEED A NEW PARTICLE, ITS DISCOVERY WOULD NECESSITATE AN EXTENSION OR MODIFICATION OF
THE STANDARD MODEL OF PARTICLE PHYSICS, WHICH CURRENTLY DESCRIBES ALL KNOWN FUNDAMENTAL PARTICLES AND FORCES.
THIS COULD PROVIDE EXPERIMENTAL VALIDATION FOR THEORIES LIKE SUPERSYMMETRY, WHICH PREDICT THE EXISTENCE OF A
WIMP AS A DARK MATTER CANDIDATE. FURTHERMORE, UNDERSTANDING HOW DARK MATTER INTERACTS (OR DOESN'T INTERACT>
WITH ORDINARY MATTER AND ITSELF CAN OFFER CLUES ABOUT THE FUNDAMENTAL FORCES AND SYMMETRIES OF NATURE,
POTENTIALLY LEADING TO A UNIFIED THEORY OF ALL FORCES.



FREQUENTLY AsSkeD QUESTIONS ABOUT DARK MATTER PROPERTIES

QI \WHAT IS THE PRIMARY REASON SCIENTISTS BELIEVE DARK MATTER EXISTS?

A: THE PRIMARY REASON SCIENTISTS BELIEVE DARK MATTER EXISTS IS ITS OBSERVABLE GRAVITATIONAL EFFECTS. THESE
INCLUDE THE UNEXPECTEDLY HIGH ROTATION SPEEDS OF STARS IN GALAXIES, THE DYNAMICS OF GALAXY CLUSTERS, AND THE
PHENOMENON OF GRAVITATIONAL LENSING. THESE EFFECTS CANNOT BE EXPLAINED BY THE GRAVITATIONAL PULL OF VISIBLE
MATTER ALONE, INDICATING THE PRESENCE OF A SIGNIFICANT AMOUNT OF UNSEEN MASS.

QI How DOES DARK MATTER INTERACT WITH ORDINARY MATTER?

A: DARK MATTER IS UNDERSTOOD TO INTERACT WITH ORDINARY MATTER PRIMARILY THROUGH GRAVITY. |T DOES NOT APPEAR
TO INTERACT ELECTROMAGNETICALLY, WHICH IS WHY IT IS INVISIBLE. \WHILE SOME THEORETICAL MODELS PROPOSE VERY WEAK
INTERACTIONS BEYOND GRAVITY, DIRECT EXPERIMENTAL EVIDENCE FOR SUCH INTERACTIONS IS STILL LACKING.

QI \WHAT ARE THE LEADING CANDIDATES FOR DARK MATTER PARTICLES?

A: THE LEADING CANDIDATES FOR DARK MATTER PARTICLES ARE WEAKLY INTERACTING MassIVE ParTIcLEs (\WIMPs) AND
AXIONS. W/IMPS ARE HYPOTHETICAL PARTICLES THAT INTERACT ONLY THROUGH GRAVITY AND THE WEAK NUCLEAR FORCE,
WHILE AXIONS ARE MUCH LIGHTER HYPOTHETICAL PARTICLES PROPOSED TO SOLVE A PROBLEM IN QUANTUM CHROMODYNAMICS.

Q: CAN DARK MATTER BE DETECTED DIRECTLY?

A: SCIENTISTS ARE ACTIVELY PURSUING DIRECT DETECTION EXPERIMENTS, OFTEN LOCATED DEEP UNDERGROUND TO SHIELD THEM
FROM COSMIC RAYS. THESE EXPERIMENTS AIM TO DETECT THE FAINT RECOIL OF AN ATOMIC NUCLEUS WHEN IT IS STRUCK BY A
DARK MATTER PARTICLE. SO FAR, NO DEFINITIVE DIRECT DETECTION HAS BEEN MADE, BUT THE SEARCH CONTINUES WITH
INCREASINGLY SENSITIVE TECHNOLOGY.

Q: WHAT I1s THE DIFFERENCE BETWEEN CoLD DARk MATTER AND W ARM DARK MATTER?

A: CoLb DARK MATTER (CDM) REFERS TO DARK MATTER PARTICLES THAT WERE NON-RELATIVISTIC (MOVING SLO\X/LY) DURING
THE EARLY UNIVERSE, ALLOWING FOR THE FORMATION OF SMALL-SCALE STRUCTURES LIKE GALAXIES. W/ ARM DARK MATTER
(\X/DM) CONSISTS OF PARTICLES THAT WERE RELATIVISTIC FOR LONGER, WHICH WOULD HAVE SUPPRESSED THE FORMATION OF
VERY SMALL STRUCTURES. THE PREVAILING COSMOLOGICAL MODEL FAVORS CDM.

QI How DOES DARK MATTER AFFECT THE FORMATION OF GALAXIES?

A: DARK MATTER PLAYS A CRUCIAL ROLE IN GALAXY FORMATION. |TS GRAVITATIONAL PULL IN THE EARLY UNIVERSE PROVIDED
THE SCAFFOLDING FOR ORDINARY MATTER TO CLUMP TOGETHER, FORMING THE INITIAL SEEDS FOR GALAXIES. W/ ITHOUT DARK
MATTER, THE UNIVERSE WOULD NOT HAVE EVOLVED THE COMPLEX STRUCTURES OF GALAXIES AND GALAXY CLUSTERS THAT WE
OBSERVE TODAY.

QI IS IT POSSIBLE THAT DARK MATTER IS JUST A MISUNDERSTANDING OF GRAVITY?

A: \WHILE MODIFICATIONS TO THE LAWS OF GRAVITY (LIkE MODIFIED NEWTONIAN DYNAMICS, OR MOND) HAVE BEEN PROPOSED
TO EXPLAIN SOME OBSERVATIONS WITHOUT INVOKING DARK MATTER, THEY GENERALLY STRUGGLE TO EXPLAIN THE FULL RANGE
OF COSMOLOGICAL EVIDENCE, SUCH AS THE CMB ANISOTROPIES AND GRAVITATIONAL LENSING IN GALAXY CLUSTERS, AS
SUCCESSFULLY AS THE DARK MATTER PARADIGM. THE MAJORITY OF EVIDENCE POINTS TOWARDS DARK MATTER BEING A FORM OF
MATTER RATHER THAN A MODIFICATION OF GRAVITY.
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