DARK MATTER AND ITS PROPERTIES

THe Cosmic ENIGMA: UNVEILING DARK MATTER AND |TS PROPERTIES

THE INVISIBLE INFLUENCE: WHAT EXACTLY |Is DARKk MATTER?

DARK MATTER AND ITS PROPERTIES ARE CENTRAL TO OUR UNDERSTANDING OF THE UNIVERSE, YET THEY REMAIN ONE OF
COSMOLOGY'S MOST PROFOUND MYSTERIES. W/HILE WE CAN OBSERVE AND INTERACT WITH ORDINARY MATTER — THE STARS,
PLANETS, GALAXIES, AND OURSELVES — A VAST AMOUNT OF THE UNIVERSE'S MASS APPEARS TO BE ENTIRELY INVISIBLE. THIS
ELUSIVE SUBSTANCE, DUBBED "DARK MATTER,” DOESN'T EMIT, ABSORB, OR REFLECT LIGHT, MAKING IT UNDETECTABLE BY
CONVENTIONAL TELESCOPES. |TS PRESENCE IS INFERRED SOLELY THROUGH ITS GRAVITATIONAL EFFECTS ON VISIBLE MATTER AND
LIGHT. SCIENTISTS ESTIMATE THAT DARK MATTER CONSTITUTES ABOUT 270/0 OF THE UNIVERSE'S TOTAL MASS-ENERGY
CONTENT, DWARFING THE MERE 50/0 THAT MAKES UP THE ORDINARY, BARYONIC MATTER WE ARE FAMILIAR WITH. THE REMAINING
680/0 IS ATTRIBUTED TO DARK ENERGY, ANOTHER ENIGMATIC FORCE DRIVING THE ACCELERATED EXPANSION OF THE COSMOS.
UNDERSTANDING DARK MATTER IS CRUCIAL NOT ONLY FOR COMPREHENDING THE UNIVERSE'S CURRENT STRUCTURE BUT ALSO FOR
DECIPHERING ITS PAST EVOLUTION AND PREDICTING ITS ULTIMATE FATE. THIS ARTICLE DELVES INTO THE COMPELLING EVIDENCE
FOR DARK MATTER, EXPLORES ITS INFERRED PROPERTIES, AND DISCUSSES THE ONGOING QUESTS TO IDENTIFY ITS FUNDAMENTAL
NATURE.
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UNVEILING THE EVIDENCE: WHY WE BELIEVE DARK MATTER EXISTS

THE NOTION OF DARK MATTER WASN'T BORN FROM A WILD GUESS; IT EMERGED FROM CAREFUL ASTRONOMICAL OBSERVATIONS
THAT COULDN'T BE EXPLAINED BY THE VISIBLE MATTER ALONE. FOR DECADES, DISCREPANCIES BETWEEN THEORETICAL
PREDICTIONS BASED ON OBSERVABLE MASS AND ACTUAL OBSERVED PHENOMENA HAVE ACCUMULATED, PAINTING A CONSISTENT
PICTURE OF AN UNSEEN GRAVITATIONAL ANCHOR HOLDING THE COSMOS TOGETHER. T HESE PIECES OF EVIDENCE, GATHERED FROM
VARIOUS COSMOLOGICAL SCALES, FORM A COMPELLING CASE FOR THE EXISTENCE OF SOMETHING BEYOND ORDINARY MATTER.

GALAcTIC RoTATION CURVES: THE FIRST CLUES

ONE OF THE EARLIEST AND MOST PERSUASIVE PIECES OF EVIDENCE FOR DARK MATTER CAME FROM STUDYING HOW GALAXIES
ROTATE. IN THE LATE 1970s, VERA RUBIN AND KENT FORD METICULOUSLY OBSERVED THE SPEEDS AT WHICH STARS ORBIT THE
CENTERS OF SPIRAL GALAXIES. ACCORDING TO NEWTONIAN PHYSICS, STARS FARTHER AWAY FROM THE GALACTIC CENTER,
WHERE MOST OF THE VISIBLE MASS IS CONCENTRATED, SHOULD ORBIT MORE SLOWLY, MUCH LIKE PLANETS FARTHER FROM THE
SUN MOVE AT LOWER SPEEDS. HOWEVER, RUBIN AND FORD DISCOVERED SOMETHING ASTONISHING: STARS ON THE OUTER EDGES
OF GALAXIES WERE ORBITING JUST AS FAST, IF NOT FASTER, THAN THOSE CLOSER TO THE CENTER. THIS IMPLIED THAT THERE
WAS A SIGNIFICANT AMOUNT OF UNSEEN MASS DISTRIBUTED THROUGHOUT THE GALAXY, EXTENDING FAR BEYOND THE VISIBLE
DISC AND BULGE, PROVIDING THE EXTRA GRAVITATIONAL PULL NEEDED TO KEEP THESE FAST-MOVING STARS IN THEIR ORBITS.
THIS UNSEEN MASS IS WHAT WE NOW REFER TO AS THE GALACTIC HALO, AND IT IS PREDOMINANTLY COMPOSED OF DARK
MATTER.

GRAVITATIONAL LENSING: BENDING LIGHT, REVEALING MASS

ANOTHER POWERFUL INDICATOR OF DARK MATTER'S PRESENCE IS GRAVITATIONAL LENSING. ALBERT EINSTEIN'S THEORY OF
GENERAL RELATIVITY PREDICTS THAT MASSIVE OBJECTS WARP THE FABRIC OF SPACETIME, CAUSING LIGHT TO BEND AS IT PASSES
BY. THIS PHENOMENON IS AKIN TO A LENS BENDING LIGHT. ASTRONOMERS OBSERVE THAT LIGHT FROM DISTANT GALAXIES IS
OFTEN DISTORTED, MAGNIFIED, OR EVEN APPEARS AS MULTIPLE IMAGES WHEN IT TRAVELS THROUGH REGIONS OF SPACE
CONTAINING LARGE CONCENTRATIONS OF MASS, SUCH AS GALAXY CLUSTERS. BY ANALYZING THE DEGREE OF LIGHT BENDING,
SCIENTISTS CAN MAP THE DISTRIBUTION OF MASS IN THESE REGIONS. CONSISTENTLY, THESE LENSING STUDIES REVEAL THAT THE
TOTAL MASS INFERRED FROM THE BENDING OF LIGHT IS SIGNIFICANTLY GREATER THAN THE MASS ACCOUNTED FOR BY THE VISIBLE
STARS AND GAS. THIS "MISSING MASS” ALIGNS PERFECTLY WITH THE DISTRIBUTION EXPECTED FOR DARK MATTER, ACTING AS AN
INVISIBLE GRAVITATIONAL LENS.

CosMic MicrowAVE BACKGROUND: ECHOES oF THE EARLY UNIVERSE

THe CosMmic MicrowAVE BackGrouUND (CMB) RADIATION IS THE FAINT AFTERGLOW OF THE BIG BANG, A SNAPSHOT OF THE
UNIVERSE WHEN IT WAS JUST ABoUT 380,000 YEARS OLD. STUDYING THE SUBTLE TEMPERATURE FLUCTUATIONS IN THE CMB
HAS PROVIDED CRUCIAL INSIGHTS INTO THE EARLY UNIVERSE'S COMPOSITION AND EVOLUTION. COSMOLOGICAL MODELS THAT
INCORPORATE DARK MATTER ARE REMARKABLY SUCCESSFUL AT EXPLAINING THE OBSERVED PATTERNS OF THESE FLUCTUATIONS.



SPECIFICALLY, THE RELATIVE HEIGHTS OF THE PEAKS IN THE CMB’S POWER SPECTRUM STRONGLY SUGGEST THAT THE UNIVERSE
CONTAINS A SUBSTANTIAL AMOUNT OF NON-BARYONIC DARK MATTER, WHICH PLAYED A CRUCIAL ROLE IN SEEDING THE
FORMATION OF THE LARGE-SCALE STRUCTURES WE SEE TODAY, SUCH AS GALAXIES AND CLUSTERS.

GALAXY CLUSTERS: THE MIssING MAss PuzzLE

GALAXY CLUSTERS ARE THE LARGEST GRAVITATIONALLY BOUND STRUCTURES IN THE UNIVERSE, CONTAINING HUNDREDS OR EVEN
THOUSANDS OF GALAXIES. OBSERVATIONS OF THESE COLOSSAL STRUCTURES HAVE ALSO REVEALED A STARK DISCREPANCY
BETWEEN VISIBLE AND TOTAL MASS. GALAXIES WITHIN CLUSTERS MOVE AT VERY HIGH SPEEDS, AND IF ONLY THE VISIBLE
MATTER WERE PRESENT, THESE CLUSTERS WOULD HAVE DISPERSED LONG AGO. THE FACT THAT THEY REMAIN BOUND INDICATES A
FAR GREATER GRAVITATIONAL PULL. FURTHERMORE, THE HOT GAS OBSERVED WITHIN GALAXY CLUSTERS, WHICH EMITS X‘RAYS,
IS MUCH HOTTER THAN EXPECTED. THIS IMPLIES THAT THE GAS IS CONFINED BY A MUCH STRONGER GRAVITATIONAL FIELD THAN
CAN BE ACCOUNTED FOR BY THE VISIBLE GALAXIES ALONE. BOTH THE DYNAMICS OF GALAXIES AND THE CONFINEMENT OF HOT
GAS POINT TO THE OVERWHELMING DOMINANCE OF DARK MATTER IN HOLDING THESE MASSIVE STRUCTURES TOGETHER.

THe INFERRED PROPERTIES OF DARK MATTER

W/HILE WE CANNOT DIRECTLY SEE DARK MATTER, ITS OBSERVED GRAVITATIONAL EFFECTS ALLOW US TO INFER SEVERAL KEY
PROPERTIES. THESE PROPERTIES ARE CRUCIAL FOR GUIDING THE SEARCH FOR ITS FUNDAMENTAL NATURE AND FOR DEVELOPING
THEORETICAL MODELS THAT CAN EXPLAIN ITS EXISTENCE.

GRAVITATIONAL INTERACTION: ITS DEFINING CHARACTERISTIC

THE MOST FUNDAMENTAL AND DEFINING PROPERTY OF DARK MATTER IS ITS INTERACTION THROUGH GRAVITY. |IT EXERTS A
GRAVITATIONAL PULL ON ORDINARY MATTER AND ON ITSELF, SHAPING THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, FROM
THE FORMATION OF GALAXIES TO THE CLUSTERING OF GALAXY CLUSTERS. WITHOUT THIS GRAVITATIONAL INFLUENCE, THE
UNIVERSE WOULD LOOK VASTLY DIFFERENT, AND THE STRUCTURES WE OBSERVE WOULD NOT HAVE HAD TIME TO FORM. THis
GRAVITATIONAL INTERACTION IS THE SOLE REASON WE KNOW DARK MATTER EXISTS.

NoN-BArRYONIC NATURE: NoT MADE oF PROTONS AND NEUTRONS

ONE OF THE MOST SIGNIFICANT INFERRED PROPERTIES IS THAT DARK MATTER IS NOT COMPOSED OF ORDINARY BARYONIC MATTER
~— PROTONS, NEUTRONS, AND ELECTRONS. THIS CONCLUSION STEMS FROM SEVERAL LINES OF EVIDENCE, INCLUDING THE
ABUNDANCE OF LIGHT ELEMENTS FORGED IN THE BIG BANG (BIG BaNG NUCLEOSYNTHESIS) AND THE PATTERNS OBSERVED IN THE
CosMic MICROWAVE BACKGROUND. THESE OBSERVATIONS CONSTRAIN THE TOTAL AMOUNT OF BARYONIC MATTER IN THE
UNIVERSE TO A MUCH LOWER LEVEL THAN THE TOTAL MASS INFERRED FROM GRAVITATIONAL EFFECTS. THEREFORE, DARK MATTER
MUST BE MADE OF SOMETHING ELSE, SOMETHING FUNDAMENTALLY DIFFERENT FROM THE MATTER THAT CONSTITUTES STARS,
PLANETS, AND US.

WEAK INTERACTION: THE ELUSIVE NATURE OF ITS OTHER FORCES

BEYOND GRAVITY, DARK MATTER APPEARS TO INTERACT VERY WEAKLY, IF AT ALL, WITH ELECTROMAGNETIC FORCES AND
POSSIBLY THE STRONG NUCLEAR FORCE. THE FACT THAT IT DOESN'T EMIT OR ABSORB LIGHT (ELECTROMAGNETIC FORCE) IS ITS
NAMESAKE CHARACTERISTIC — IT'S “DARK.” THIS LACK OF STRONG INTERACTION WITH LIGHT MEANS IT DOESN'T CLUMP
TOGETHER IN THE SAME WAY ORDINARY MATTER DOES TO FORM STARS AND PLANETS. |TS WEAK INTERACTION WITH OTHER
FORCES ALSO EXPLAINS WHY IT'S SO DIFFICULT TO DETECT DIRECTLY. WHILE SOME THEORETICAL MODELS PROPOSE A WEAK



INTERACTION WITH ORDINARY MATTER (HENCE THE NAME “\WEAKLY INTERACTING MASSIVE PARTICLES” OR WIMPS), THIS
INTERACTION IS EXTREMELY SUBTLE AND HAS YET TO BE DEFINITIVELY OBSERVED.

CoLb vs. HoT DARk MATTER: MODELS AND PREDICTIONS

THEORIES ABOUT DARK MATTER OFTEN DISTINGUISH BETWEEN “COLD” AND “HOT” DARK MATTER, BASED ON THE SPEED OF ITS
PARTICLES IN THE EARLY UNIVERSE. CoLD DARK MATTER (CDM) CONSISTS OF SLOW-MOVING PARTICLES THAT WOULD HAVE
STARTED CLUMPING TOGETHER EARLY ON, FORMING THE SEEDS FOR THE HIERARCHICAL STRUCTURE FORMATION WE OBSERVE
TODAY, WHERE SMALLER STRUCTURES MERGE TO FORM LARGER ONES. HOT DARK MATTER (HDM) WOULD HAVE BEEN
RELATIVISTIC (MOVING AT OR NEAR THE SPEED OF LIGHT) IN THE EARLY UNIVERSE, WHICH WOULD HAVE SMOOTHED OUT INITIAL
DENSITY FLUCTUATIONS, LEADING TO A TOP-DOWN STRUCTURE FORMATION SCENARIO (LARGE STRUCTURES FORMING FIRST AND
THEN FRAGMENTING ). CURRENT COSMOLOGICAL OBSERVATIONS STRONGLY FAVOR THE CDM MODEL, AS IT BETTER EXPLAINS THE
OBSERVED DISTRIBUTION OF GALAXIES AND GALAXY CLUSTERS. THEREFORE, MOST DARK MATTER CANDIDATES ARE EXPECTED TO
BE “coLD” or “WARM” (AN INTERMEDIATE CATEGORY) RATHER THAN “HOT.”

DARk MATTER CANDIDATES: THE SEARCH FOR THE UNSEEN PARTICLE

THE ELUSIVE NATURE OF DARK MATTER HAS SPURRED A VAST THEORETICAL AND EXPERIMENTAL EFFORT TO IDENTIFY ITS
CONSTITUENT PARTICLE. NUMEROUS CANDIDATES HAVE BEEN PROPOSED, EACH WITH UNIQUE PROPERTIES AND DETECTION
STRATEGIES.

W IMPs: WEAKLY INTERACTING MASSIVE PARTICLES

PERHAPS THE MOST POPULAR CANDIDATES FOR DARK MATTER ARE WEAKLY INTERACTING MASSIVE PARTICLES, or WIMPs.
THESE HYPOTHETICAL PARTICLES ARE PREDICTED BY SOME EXTENSIONS OF THE STANDARD MODEL OF PARTICLE PHYSICS, SUCH
AS SUPERSYMMETRY. WIMPS WOULD BE MASSIVE, MEANING THEY HAVE A SIGNIFICANT REST MASS, AND INTERACT ONLY
THROUGH GRAVITY AND THE WEAK NUCLEAR FORCE. THEIR PREDICTED PROPERTIES ALIGN WELL WITH THE REQUIREMENTS OF COLD
DARK MATTER. EXPERIMENTS AROUND THE WORLD ARE ACTIVELY SEARCHING FOR W/ IMPS BY LOOKING FOR THE RARE OCCASIONS
WHEN A W/IMP MIGHT COLLIDE WITH AN ATOMIC NUCLEUS IN A DETECTOR, PRODUCING A FAINT SIGNAL.

AXIONS: ULTRA-LIGHT PARTICLES WITH UNIQUE PROPERTIES

ANOTHER INTRIGUING CANDIDATE IS THE AXION. PROPOSED TO SOLVE A PROBLEM IN QUANTUM CHROMODYNAMICS (QCD),
AXIONS ARE PREDICTED TO BE VERY LIGHT PARTICLES WITH EXTREMELY WEAK INTERACTIONS. THEIR ULTRALIGHT NATURE MEANS
THAT A VAST NUMBER OF THEM WOULD BE NEEDED TO ACCOUNT FOR THE OBSERVED DARK MATTER DENSITY. THE SEARCH FOR
AXIONS INVOLVES LOOKING FOR THEIR POTENTIAL CONVERSION INTO PHOTONS IN THE PRESENCE OF STRONG MAGNETIC FIELDS, A
PROCESS THAT REQUIRES HIGHLY SENSITIVE DETECTION EQUIPMENT.

MACHOs: Massive AsTroPHYSICAL CoMPACT HALo OBJECTS

MACHOSs, or MAsSIVE ASTROPHYSICAL COMPACT HALO OBJECTS, REPRESENT A CLASS OF DARK MATTER CANDIDATES THAT
ARE BARYONIC IN NATURE BUT VERY DIFFICULT TO DETECT. THESE COULD INCLUDE BROWN DWARFS, FAINT WHITE DWARFS,
NEUTRON STARS, OR EVEN PRIMORDIAL BLACK HOLES THAT DO NOT EMIT MUCH LIGHT. SEARCHES FOR MACHOS HAVE
HISTORICALLY INVOLVED LOOKING FOR GRAVITATIONAL MICROLENSING EVENTS, WHERE A MACHO PASSING IN FRONT OF A
DISTANT STAR BRIEFLY MAGNIFIES ITS LIGHT. WHILE MICROLENSING SEARCHES HAVE RULED oUT MACHOS AS THE PRIMARY
COMPONENT OF DARK MATTER, THEY HAVEN'T ENTIRELY EXCLUDED THEM AS A MINOR CONTRIBUTOR.



STERILE NEUTRINOS: A HYPOTHETICAL DARK MATTER PARTICLE

NEUTRINOS ARE KNOWN PARTICLES THAT HAVE A VERY SMALL MASS AND INTERACT ONLY THROUGH THE WEAK FORCE AND
GRAVITY. STANDARD NEUTRINOS ARE TOO LIGHT AND TOO HOT TO BE THE DOMINANT FORM OF DARK MATTER. HO\X/EVER,
THEORETICAL EXTENSIONS TO THE STANDARD MODEL PROPOSE THE EXISTENCE OF “STERILE NEUTRINOS/” WHICH \WOULD
INTERACT EVEN MORE WEAKLY THAN REGULAR NEUTRINOS AND COULD POTENTIALLY HAVE SUFFICIENT MASS TO BE A DARK
MATTER CANDIDATE. DETECTING STERILE NEUTRINOS IS INCREDIBLY CHALLENGING DUE TO THEIR EVEN WEAKER INTERACTIONS.

THE ONGOING QUEST AND FUTURE PROSPECTS

THE QUEST TO UNRAVEL THE MYSTERY OF DARK MATTER IS ONE OF THE MOST EXCITING FRONTIERS IN MODERN PHYSICS AND
ASTRONOMY. RESEARCHERS ARE EMPLOYING A MULTI-PRONGED APPROACH, COMBINING THEORETICAL ADVANCEMENTS WITH
INCREASINGLY SOPHISTICATED EXPERIMENTAL TECHNIQUES. DIRECT DETECTION EXPERIMENTS, BURIED DEEP UNDERGROUND TO
SHIELD THEM FROM COSMIC RAYS, ARE METICULOUSLY DESIGNED TO CAPTURE THE MINUSCULE RECOIL ENERGY WHEN A DARK
MATTER PARTICLE INTERACTS WITH DETECTOR MATERIAL. INDIRECT DETECTION EXPERIMENTS, OFTEN SPACE-BASED OR AT HIGH
ALTITUDES, SEARCH FOR THE ANNIHILATION OR DECAY PRODUCTS OF DARK MATTER PARTICLES, SUCH AS GAMMA RAYS OR
NEUTRINOS, THAT MIGHT BE PRODUCED IN DENSE REGIONS LIKE THE GALACTIC CENTER. MEAN\X/HILE, PARTICLE COLLIDERS LIKE THE
LARGE HADRON COLLIDER ARE ATTEMPTING TO CREATE DARK MATTER PARTICLES IN HIGH-ENERGY COLLISIONS. THE FUTURE
HOLDS THE PROMISE OF NEW, MORE SENSITIVE DETECTORS AND POTENTIALLY GROUNDBREAKING DISCOVERIES THAT COULD
FINALLY REVEAL THE FUNDAMENTAL NATURE OF THIS INVISIBLE COSMIC CONSTITUENT, REVOLUTIONIZING OUR UNDERSTANDING OF
THE UNIVERSE.

FREQUENTLY Asked QUESTIONS ABOUT DARK MATTER AND TS PROPERTIES

Q: \WHAT IS THE PRIMARY EVIDENCE FOR THE EXISTENCE OF DARK MATTER?

A: THE PRIMARY EVIDENCE FOR DARK MATTER COMES FROM ITS GRAVITATIONAL EFFECTS, OBSERVED THROUGH GALACTIC
ROTATION CURVES, GRAVITATIONAL LENSING AROUND GALAXY CLUSTERS, THE PATTERNS IN THE CosMic MICROWAVE
BACKGROUND RADIATION, AND THE DYNAMICS OF GALAXY CLUSTERS THEMSELVES. THESE OBSERVATIONS CONSISTENTLY SHOW
MORE MASS THAN CAN BE ACCOUNTED FOR BY VISIBLE MATTER.

QZ How DOES DARK MATTER INTERACT WITH ORDINARY MATTER?

A: DARK MATTER INTERACTS PRIMARILY THROUGH GRAVITY. |T DOES NOT EMIT, ABSORB, OR REFLECT LIGHT, WHICH IS WHY IT IS
“DARK.” |T ALSO APPEARS TO INTERACT VERY WEAKLY, IF AT ALL, WITH OTHER FUNDAMENTAL FORCES LIKE THE
ELECTROMAGNETIC AND STRONG NUCLEAR FORCES. SOME CANDIDATES, LIKE \X/|MPS, ARE THEORIZED TO HAVE A WEAK
INTERACTION WITH ORDINARY MATTER.

QI IS DARK MATTER MADE OF PROTONS AND NEUTRONS?

A: NO/ DARK MATTER IS UNDERSTOOD TO BE NON-BARYONIC. THIS MEANS IT IS NOT MADE OF THE FAMILIAR PROTONS AND
NEUTRONS THAT FORM ORDINARY MATTER. EVIDENCE FROM BIG BANG NUCLEOSYNTHESIS AND THE CosMIC MICROWAVE
BACKGROUND CONSTRAINS THE AMOUNT OF BARYONIC MATTER IN THE UNIVERSE, AND IT FALLS FAR SHORT OF THE TOTAL MASS
INFERRED FROM GRAVITATIONAL OBSERVATIONS.

Q: WHAT ARE THE LEADING CANDIDATES FOR DARK MATTER PARTICLES?

A: THE LEADING CANDIDATES FOR DARK MATTER PARTICLES INCLUDE WEAKLY INTERACTING MAsSIVE ParTICLES (W/IMPS),
AXIONS, STERILE NEUTRINOS, AND PRIMORDIAL BLACK HOLES. EACH OF THESE THEORETICAL PARTICLES POSSESSES PROPERTIES
THAT COULD EXPLAIN THE OBSERVED DARK MATTER PHENOMENA.



QZ How ARE SCIENTISTS TRYING TO DETECT DARK MATTER DIRECTLY?

A: DIRECT DETECTION EXPERIMENTS AIM TO OBSERVE THE RARE OCCASIONS WHEN A DARK MATTER PARTICLE MIGHT COLLIDE
WITH AN ATOMIC NUCLEUS IN A HIGHLY SENSITIVE DETECTOR. [HESE DETECTORS ARE TYPICALLY PLACED DEEP UNDERGROUND TO
SHIELD THEM FROM BACKGROUND RADIATION, AND THEY ARE DESIGNED TO REGISTER THE TINY RECOIL ENERGY PRODUCED BY SUCH
AN INTERACTION.

QZ \WHAT IS GRAVITATIONAL LENSING , AND HOW DOES IT RELATE TO DARK MATTER?

A: GRAVITATIONAL LENSING IS THE BENDING OF LIGHT FROM DISTANT OBJECTS BY THE GRAVITY OF INTERVENING MASS. By
OBSERVING HOW LIGHT IS DISTORTED, MAGNIFIED, OR APPEARS AS MULTIPLE IMAGES, ASTRONOMERS CAN MAP THE DISTRIBUTION
OF MASS. THESE MAPS CONSISTENTLY SHOW THAT THE TOTAL MASS RESPONSIBLE FOR LENSING IS FAR GREATER THAN THE
VISIBLE MATTER, INDICATING THE PRESENCE OF DARK MATTER.

Q: WHy 1s THe CosMic MicRowAVE BAckGROUND (CMB) IMPORTANT FOR
UNDERSTANDING DARK MATTER?

A: THE CMB IS A SNAPSHOT OF THE EARLY UNIVERSE. THE PRECISE PATTERNS OF TEMPERATURE FLUCTUATIONS WITHIN THE
CMB ARE EXTREMELY SENSITIVE TO THE COMPOSITION OF THE UNIVERSE. COSMOLOGICAL MODELS THAT INCLUDE A SIGNIFICANT
AMOUNT OF NON-BARYONIC DARK MATTER ARE HIGHLY SUCCESSFUL AT EXPLAINING THESE OBSERVED CMB PATTERNS,
PROVIDING STRONG SUPPORT FOR ITS EXISTENCE.

Q: WHAT IS THE DIFFERENCE BETWEEN “coLD” AND “HOT” DARK MATTER?

A: THE DISTINCTION BETWEEN “CoLD” AND “HOT” DARK MATTER REFERS TO THE SPEED OF THE PARTICLES IN THE EARLY
UNIVERSE. COLD DARK MATTER PARTICLES WERE SLOW-MOVING AND BEGAN TO CLUMP EARLY, FACILITATING THE FORMATION OF
THE HIERARCHICAL STRUCTURES WE SEE TODAY. HOT DARK MATTER PARTICLES WERE RELATIVISTIC AND WOULD HAVE
SMOOTHED OUT EARLY DENSITY FLUCTUATIONS, LEADING TO A DIFFERENT STRUCTURE FORMATION SCENARIO. CURRENT EVIDENCE
FAVORS COLD OR WARM DARK MATTER.
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