DARK MATTER CHARACTERISTICS

UNVEILING THE MYsSTERIES: A Deep Dive INTo DAarRk MATTER CHARACTERISTICS

DARK MATTER CHARACTERISTICS ARE AMONG THE MOST PROFOUND ENIGMAS CONFRONTING MODERN COSMOLOGY. W/HILE
INVISIBLE TO OUR TELESCOPES AND UNDETECTABLE THROUGH ELECTROMAGNETIC RADIATION, ITS GRAVITATIONAL INFLUENCE IS
UNDENIABLY SHAPING THE VERY FABRIC OF THE UNIVERSE. FROM THE STATELY DANCE OF GALAXIES TO THE GRAND COSMIC WEB,
DARK MATTER PLAYS A PIVOTAL ROLE, YET ITS FUNDAMENTAL NATURE REMAINS ELUSIVE. THIS ARTICLE WILL EMBARK ON A
COMPREHENSIVE EXPLORATION OF WHAT WE CURRENTLY UNDERSTAND ABOUT ITS PROPERTIES, HOW SCIENTISTS INFER ITS
EXISTENCE, AND THE ONGOING QUEST TO DIRECTLY DETECT THIS MYSTERIOUS SUBSTANCE. W/E WILL DELVE INTO ITS
GRAVITATIONAL EFFECTS, ITS LACK OF INTERACTION WITH LIGHT, AND THE LEADING THEORETICAL CANDIDATES THAT MIGHT
EXPLAIN ITS EXISTENCE, ALL WHILE PAINTING A DETAILED PICTURE OF THIS UNSEEN COSMIC ARCHITECT.
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WHAT I1s DARK MATTER?

UNDERSTANDING DARK MATTER BEGINS WITH ACKNOWLEDGING ITS UNIQUE STATUS IN THE COSMIC INVENTORY. T IS NOT “DARK”
IN THE SENSE OF BEING MERELY UNLIT MATTER LIKE A COLD PLANET; RATHER, IT IS FUNDAMENTALLY NON-LUMINOUS, MEANING IT
DOES NOT EMIT, ABSORB, OR REFLECT ANY FORM OF ELECTROMAGNETIC RADIATION. THIS INCLUDES VISIBLE LIGHT, RADIO
WAVES, X-RAYS, AND GAMMA RAYS. THIS FUNDAMENTAL CHARACTERISTIC IS WHAT RENDERS IT INVISIBLE TO CONVENTIONAL
ASTRONOMICAL INSTRUMENTS. DESPITE ITS INVISIBILITY, ITS GRAVITATIONAL PULL IS A DOMINANT FORCE, ACCOUNTING FOR
APPROXIMATELY 85% OF THE TOTAL MATTER IN THE UNIVERSE. THE REMAINING 15% IS WHAT WE PERCEIVE AS “NORMAL” OR
BARYONIC MATTER, THE STUFF STARS, PLANETS, AND WE ARE MADE OF. THE CONCEPT OF DARK MATTER EMERGED FROM
DISCREPANCIES OBSERVED IN GALACTIC ROTATION CURVES AND THE DYNAMICS OF GALAXY CLUSTERS, WHERE VISIBLE MATTER
ALONE COULD NOT EXPLAIN THE OBSERVED GRAVITATIONAL EFFECTS.

Key CHARACTERISTICS OF DARK MATTER

THE DEFINING ATTRIBUTES OF DARK MATTER ARE DERIVED FROM ITS OBSERVED GRAVITATIONAL INTERACTIONS AND ITS LACK OF
ENGAGEMENT WITH THE ELECTROMAGNETIC SPECTRUM. THESE CHARACTERISTICS ARE CRUCIAL FOR DISTINGUISHING IT FROM
ORDINARY MATTER AND FOR GUIDING THEORETICAL MODELS.

GRAVITATIONAL INFLUENCE

PERHAPS THE MOST COMPELLING CHARACTERISTIC OF DARK MATTER IS ITS POWERFUL GRAVITATIONAL PULL. WE INFER ITS
EXISTENCE PRECISELY BECAUSE OF THE GRAVITATIONAL FORCES IT EXERTS ON VISIBLE MATTER. W ITHOUT DARK MATTER,
GALAXIES WOULD SPIN THEMSELVES APART, AND GALAXY CLUSTERS WOULD NOT HOLD TOGETHER. THINK OF IT LIKE AN
INVISIBLE SCAFFOLDING THAT PROVIDES THE NECESSARY GRAVITATIONAL GLUE FOR COSMIC STRUCTURES TO FORM AND PERSIST.
THIS GRAVITATIONAL DOMINANCE IS EVIDENT ON SCALES RANGING FROM INDIVIDUAL GALAXIES TO THE LARGEST OBSERVABLE
STRUCTURES IN THE UNIVERSE.



NoN-BARrRYONIC NATURE

A CRITICAL CHARACTERISTIC IS THAT DARK MATTER IS OVERWHELMINGLY NON-BARYONIC. BARYONIC MATTER IS COMPOSED OF
PROTONS AND NEUTRONS, THE BUILDING BLOCKS OF ATOMS. OBSERVATIONS OF BiG BANG NUCLEOSYNTHESIS, WHICH PRECISELY
PREDICT THE ABUNDANCES OF LIGHT ELEMENTS LIKE HYDROGEN AND HELIUM FORMED IN THE EARLY UNIVERSE, LIMIT THE TOTAL
AMOUNT OF BARYONIC MATTER TO ONLY ABOUT 50/0 OF THE UNIVERSE'S TOTAL ENERGY DENSITY. SINCE WE OBSERVE
GRAVITATIONAL EFFECTS EQUIVALENT TO ABOUT 270/0 OF THE UNIVERSE'S ENERGY DENSITY IN THE FORM OF MATTER, THE
VAST MAJORITY OF THIS MATTER MUST BE SOMETHING ELSE ENTIRELY — HENCE, NON-BARYONIC DARK MATTER.

WEAK INTERACTION WITH |ITSELF AND ORDINARY MATTER

ANOTHER CRUCIAL ASPECT OF DARK MATTER IS ITS EXTREMELY WEAK INTERACTION WITH ITSELF AND WITH ORDINARY BARYONIC
MATTER, APART FROM GRAVITY. THIS MEANS IT DOESN'T READILY FORM CLOUDS, COALESCE INTO STARS, OR INTERACT
THROUGH ELECTROMAGNETIC FORCES. |F DARK MATTER PARTICLES COULD COLLIDE AND INTERACT ELECTROMAGNETICALLY, WE
WOULD EXPECT TO SEE EVIDENCE OF THIS IN THE FORM OF RADIATION OR OTHER OBSERVABLE PHENOMENA , WHICH WE DO NOT.
THIS “COLLISIONLESS” NATURE IS A KEY ASSUMPTION IN MANY COSMOLOGICAL SIMULATIONS.

CoLp or W ARM NATURE

THE TEMPERATURE AND VELOCITY OF DARK MATTER PARTICLES IN THE EARLY UNIVERSE ARE SIGNIFICANT. COSMOLOGISTS
GENERALLY CATEGORIZE DARK MATTER AS EITHER “coLD” or “wARM.” CoLb DARK MATTER (CDM) PARTICLES WERE MOVING
RELATIVELY SLOWLY IN THE EARLY UNIVERSE, ALLOWING FOR THE HIERARCHICAL FORMATION OF STRUCTURE, WHERE SMALL
STRUCTURES MERGE TO FORM LARGER ONES. THIS IS CONSISTENT WITH OBSERVATIONS OF THE COSMIC WEB AND GALAXY
FORMATION. W ARM DARK MATTER (\W/DM) PARTICLES WOULD HAVE MOVED FASTER, POTENTIALLY SUPPRESSING THE
FORMATION OF THE SMALLEST STRUCTURES. CURRENT COSMOLOGICAL MODELS STRONGLY FAVOR CDM, THOUGH SoME \WDM
SCENARIOS ARE STILL BEING EXPLORED.

STABILITY

[T IS ASSUMED THAT DARK MATTER PARTICLES ARE STABLE, OR AT LEAST POSSESS AN EXTREMELY LONG HALF-LIFE, MEANING
THEY DO NOT DECAY INTO LIGHTER PARTICLES OVER COSMOLOGICAL TIMESCALES. |F DARK MATTER WERE TO DECAY RAPIDLY,
ITS GRAVITATIONAL INFLUENCE WOULD HAVE DIMINISHED OVER COSMIC HISTORY, WHICH IS NOT WHAT WE OBSERVE. ITs
PERSISTENT GRAVITATIONAL PRESENCE SUGGESTS IT IS A FUNDAMENTAL AND ENDURING COMPONENT OF THE UNIVERSE.

INFERRING DARK MATTER'S PRESENCE

SINCE WE CANNOT SEE DARK MATTER DIRECTLY, ITS EXISTENCE IS INFERRED THROUGH A VARIETY OF INDIRECT ASTRONOMICAL
OBSERVATIONS THAT REVEAL ITS GRAVITATIONAL EFFECTS. THESE METHODS PROVIDE COMPELLING EVIDENCE FOR ITS PRESENCE
AND ALLOW US TO MAP ITS DISTRIBUTION.

GALACTIC RoTATION CURVES

ONE OF THE EARLIEST AND MOST ROBUST PIECES OF EVIDENCE FOR DARK MATTER COMES FROM STUDYING HOW GALAXIES
ROTATE. STARS AND GAS CLOUDS ORBITING THE OUTER EDGES OF SPIRAL GALAXIES MOVE MUCH FASTER THAN PREDICTED BASED
ON THE VISIBLE MASS ALONE. ACCORDING TO NEW TONIAN GRAVITY, ORBITAL SPEED SHOULD DECREASE WITH DISTANCE FROM
THE GALACTIC CENTER, SIMILAR TO HOW PLANETS FARTHER FROM THE SUN ORBIT MORE SLOWLY. HO\X/EVER, OBSERVATIONS
SHOW THAT THE ORBITAL SPEEDS REMAIN REMARKABLY CONSTANT OR EVEN INCREASE SLIGHTLY AT LARGER RADII. THIS “FLAT”
ROTATION CURVE STRONGLY SUGGESTS THE PRESENCE OF AN UNSEEN HALO OF MATTER EXTENDING FAR BEYOND THE VISIBLE DISK



OF THE GALAXY, PROVIDING THE EXTRA GRAVITATIONAL PULL.

GRAVITATIONAL LENSING

GRAVITATIONAL LENSING IS ANOTHER POWERFUL TOOL FOR DETECTING AND MAPPING DARK MATTER. MASSIVE OBJECTS,
INCLUDING CONCENTRATIONS OF DARK MATTER, WARP THE FABRIC OF SPACETIME. LIGHT FROM DISTANT OBJECTS PASSING
THROUGH THIS WARPED SPACETIME IS BENT, MUCH LIKE LIGHT PASSING THROUGH A LENS. THIS BENDING CAN DISTORT THE IMAGES
OF BACKGROUND GALAXIES, MAGNIFY THEM, OR EVEN CREATE MULTIPLE IMAGES OF THE SAME OBJECT. BY ANALYZING THE DEGREE
AND PATTERN OF THIS DISTORTION, ASTRONOMERS CAN MAP THE DISTRIBUTION OF MASS, INCLUDING DARK MATTER, IN
FOREGROUND GALAXY CLUSTERS AND OTHER LARGE-SCALE STRUCTURES. THE BULLET CLUSTER, FOR INSTANCE, PROVIDES A
STUNNING VISUAL DEMONSTRATION OF DARK MATTER'S SEPARATION FROM NORMAL MATTER DURING A COSMIC COLLISION.

CosmMic MicrowAaVE BAackGrRound (CMB) RADIATION

THE FAINT AFTERGLOW OF THE BIG BANG, THE COSMIC MICROWAVE BACKGROUND RADIATION, ALSO HOLDS CRUCIAL
INFORMATION ABOUT DARK MATTER. TINY TEMPERATURE FLUCTUATIONS IN THE CMB REVEAL THE DENSITY VARIATIONS IN THE
EARLY UNIVERSE. THE PATTERN AND AMPLITUDE OF THESE FLUCTUATIONS ARE SENSITIVE TO THE RELATIVE AMOUNTS OF
BARYONIC MATTER, DARK MATTER, AND DARK ENERGY. PRECISE MEASUREMENTS OF THE CMB BY MISSIONS LIKE WMAP AND
PLANCK HAVE ALLOWED COSMOLOGISTS TO CONSTRAIN THE COMPOSITION OF THE UNIVERSE WITH REMARKABLE ACCURACY,
CONFIRMING THE DOMINANCE OF DARK MATTER.

LARGE-SCALE STRUCTURE FORMATION

THE DISTRIBUTION OF GALAXIES AND GALAXY CLUSTERS THROUGHOUT THE UNIVERSE, KNOWN AS THE LARGE-SCALE
STRUCTURE, IS ANOTHER KEY PIECE OF EVIDENCE. COMPUTER SIMULATIONS THAT AIM TO REPRODUCE THE OBSERVED COSMIC
WEB, INCLUDING THE FILAMENTARY STRUCTURES AND VOIDS, REQUIRE THE PRESENCE OF DARK MATTER TO SEED THE INITIAL
DENSITY FLUCTUATIONS THAT GRAVITY THEN AMPLIFIES. W/ITHOUT DARK MATTER'S GRAVITATIONAL INFLUENCE, THE UNIVERSE
\WOULD LIKELY BE MUCH MORE UNIFORM AND LACK THE COMPLEX STRUCTURES WE OBSERVE TODAY.

LeADING CANDIDATES FOR DARK MATTER

THE ELUSIVE NATURE OF DARK MATTER HAS LED TO A PLETHORA OF THEORETICAL PROPOSALS FOR WHAT IT MIGHT BE.
SCIENTISTS ARE EXPLORING VARIOUS TYPES OF PARTICLES, EACH WITH ITS OWN SET OF PREDICTED PROPERTIES.

WIMPs (\WEeAKLY INTERACTING MASSIVE PARTICLES)

For A LONG TIME, W IMPS HAVE BEEN A LEADING CANDIDATE FOR DARK MATTER. [HESE HYPOTHETICAL PARTICLES ARE
THEORIZED TO HAVE MASSES ROUGHLY BETWEEN A FEW GEV AND A FEW TEV (GIGAELECTRONVOLTS TO
TERAELECTRONVOLTS) AND TO INTERACT ONLY WEAKLY WITH ORDINARY MATTER AND THEMSELVES, PRIMARILY THROUGH
GRAVITY AND THE WEAK NUCLEAR FORCE. THIS WEAK INTERACTION ALIGNS WITH THE OBSERVED PROPERTIES OF DARK MATTER.
MANY DIRECT DETECTION EXPERIMENTS ARE SPECIFICALLY DESIGNED TO HUNT FOR W/ IMPS BY LOOKING FOR THE RARE INSTANCES
WHERE A W/ IMP MIGHT COLLIDE WITH AN ATOMIC NUCLEUS IN A DETECTOR.

AXIONS

AXIONS ARE ANOTHER PROMISING CANDIDATE, ARISING FROM SOLUTIONS TO A PROBLEM IN QUANTUM CHROMODYNAMICS



(QCD). THEY ARE PREDICTED TO BE EXTREMELY LIGHT PARTICLES, MUCH LIGHTER THAN W/IMPS, AND TO INTERACT VERY
WEAKLY WITH OTHER MATTER. THEIR WEAK INTERACTION MAKES THEM INCREDIBLY DIFFICULT TO DETECT DIRECTLY, BUT THEIR
POTENTIAL ABUNDANCE MAKES THEM A SIGNIFICANT CONTENDER FOR MAKING UP A PORTION OR EVEN ALL OF DARK MATTER.
EXPERIMENTS ARE UNDERWAY TO SEARCH FOR AXIONS BY LOOKING FOR THEIR POTENTIAL CONVERSION INTO PHOTONS IN
STRONG MAGNETIC FIELDS.

STERILE NEUTRINOS

NEUTRINOS ARE KNOWN PARTICLES THAT INTERACT ONLY VIA THE WEAK FORCE AND GRAVITY. STANDARD NEUTRINOS ARE TOO
LIGHT AND FAST-MOVING TO ACCOUNT FOR THE OBSERVED DARK MATTER. HO\X/EVER, THEORETICAL EXTENSIONS TO THE
STANDARD MODEL PROPOSE THE EXISTENCE OF “STERILE NEUTRINOS/” WHICH WOULD INTERACT EVEN MORE WEAKLY THAN
STANDARD NEUTRINOS AND COULD POTENTIALLY HAVE THE RIGHT MASS AND ABUNDANCE TO BE DARK MATTER. DETECTING
STERILE NEUTRINOS WOULD BE AN EXTRAORDINARY FEAT DUE TO THEIR EXTREMELY FEEBLE INTERACTIONS.

PrIMORDIAL BLACK HOLES

W/HILE LESS FAVORED THAN PARTICLE CANDIDATES, PRIMORDIAL BLACK HOLES (PBHS) ARE ANOTHER POSSIBILITY. THESE ARE
HYPOTHETICAL BLACK HOLES THAT COULD HAVE FORMED IN THE EXTREMELY DENSE CONDITIONS OF THE EARLY UNIVERSE,
SHORTLY AFTER THE BIG BANG. [F THEY EXIST IN THE RIGHT MASS RANGE AND ABUNDANCE, THEY COULD CONTRIBUTE TO OR
ENTIRELY COMPRISE DARK MATTER. HO\X/EVER, OBSERVATIONAL CONSTRAINTS FROM GRAVITATIONAL LENSING AND OTHER
ASTROPHYSICAL PHENOMENA HAVE SIGNIFICANTLY NARROWED THE POSSIBLE MASS WINDOWS FOR PBHS TO CONSTITUTE ALL
OF DARK MATTER.

THe SEARCH FOR DIRECT DETECTION

THE QUEST TO DIRECTLY DETECT DARK MATTER PARTICLES IS ONE OF THE MOST ACTIVE FRONTIERS IN PHYSICS AND
ASTRONOMY. NUMEROUS EXPERIMENTS ARE UNDERWAY , EMPLOYING DIVERSE STRATEGIES TO CAPTURE THESE ELUSIVE
PARTICLES.

UNDERGROUND DETECTORS

MANY EXPERIMENTS INVOLVE HIGHLY SENSITIVE DETECTORS PLACED DEEP UNDERGROUND. THIS IS TO SHIELD THEM FROM COSMIC
RAYS AND OTHER SOURCES OF BACKGROUND RADIATION THAT COULD MIMIC A DARK MATTER SIGNAL. THESE DETECTORS OFTEN
USE LARGE VOLUMES OF SUPER-PURE MATERIALS, SUCH AS NOBLE LIQUIDS (LIKE XENON OR ARGON) OR CRYSTALLINE SOLIDS,
DESIGNED TO REGISTER THE FAINT RECOIL ENERGY IMPARTED WHEN A DARK MATTER PARTICLE COLLIDES WITH AN ATOMIC
NUCLEUS. EXAMPLES INCLUDE EXPERIMENTS LIKE LUX-ZEPLIN (LZ), XENONNT, AnD SuPerCDMS.

PARTICLE ACCELERATORS

PARTICLE ACCELERATORS, SUCH AS THE LARGE HADRON CoLLIDER (LHC) AT CERN, ARE ALSO INVOLVED IN THE SEARCH FOR
DARK MATTER. BY SMASHING PROTONS TOGETHER AT INCREDIBLY HIGH ENERGIES, SCIENTISTS HOPE TO PRODUCE DARK MATTER
PARTICLES THAT WOULD THEN ESCAPE THE DETECTOR UNSEEN. T HEIR PRESENCE WOULD BE INFERRED FROM MISSING ENERGY AND
MOMENTUM IN THE COLLISION DEBRIS, SUGGESTING THAT SOME INVISIBLE PARTICLES CARRIED THAT ENERGY AWAY. THIS INDIRECT
APPROACH COMPLEMENTS DIRECT DETECTION EFFORTS BY SEARCHING FOR POTENTIAL DARK MATTER CONSTITUENTS CREATED IN
LABORATORY CONDITIONS.



SATELLITE AND SPACE-BASED EXPERIMENTS

SOME EXPERIMENTS LOOK FOR INDIRECT SIGNS OF DARK MATTER ANNIHILATION OR DECAY. |[F DARK MATTER PARTICLES CAN
COLLIDE AND ANNIHILATE EACH OTHER, THEY COULD PRODUCE DETECTABLE PARTICLES LIKE GAMMA RAYS, POSITRONS, OR
NEUTRINOS. SPACE TELESCOPES LIKE THE FERMI GAMMA-RAY SPACE TELESCOPE AND EXPERIMENTS ON SATELLITES ARE DESIGNED
TO SEARCH FOR AN EXCESS OF THESE PARTICLES COMING FROM REGIONS WHERE DARK MATTER IS EXPECTED TO BE DENSE, SUCH
AS THE GALACTIC CENTER OR DWARF GALAXIES.

THE ONGOING INVESTIGATION INTO DARK MATTER CHARACTERISTICS CONTINUES TO PUSH THE BOUNDARIES OF OUR
UNDERSTANDING OF THE COSMOS. EACH NEW OBSERVATION AND EXPERIMENTAL RESULT BRINGS US CLOSER TO UNRAVELING THIS
PROFOUND MYSTERY, POTENTIALLY LEADING TO NEW PHYSICS BEYOND OUR CURRENT STANDARD MODEL AND A MORE COMPLETE
PICTURE OF OUR UNIVERSE'S COMPOSITION AND EVOLUTION.

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

A: THE PRIMARY EVIDENCE FOR DARK MATTER'S EXISTENCE COMES FROM ITS OBSERVED GRAVITATIONAL EFFECTS ON VISIBLE
MATTER. THIS INCLUDES DISCREPANCIES IN GALACTIC ROTATION CURVES, WHERE STARS ORBIT FASTER THAN EXPECTED BASED
ON VISIBLE MASS ALONE, AND THE GRAVITATIONAL LENSING OF LIGHT BY MASSIVE STRUCTURES LIKE GALAXY CLUSTERS, WHICH
REVEALS MORE MASS THAN CAN BE ACCOUNTED FOR BY NORMAL MATTER. ADDITIONALLY/ THE PATTERNS IN THE COSMIC
MICROWAVE BACKGROUND RADIATION AND THE FORMATION OF LARGE-SCALE COSMIC STRUCTURES ARE BEST EXPLAINED BY THE
PRESENCE OF A SIGNIFICANT AMOUNT OF UNSEEN MATTER.

QI How DOES DARK MATTER DIFFER FROM NORMAL BARYONIC MATTER?

A: DARK MATTER DIFFERS FUNDAMENTALLY FROM NORMAL BARYONIC MATTER IN THAT IT DOES NOT INTERACT WITH
ELECTROMAGNETIC RADIATION. THIS MEANS IT DOES NOT EMIT, ABSORB, OR REFLECT LIGHT, MAKING IT INVISIBLE TO TELESCOPES.
W/HILE BARYONIC MATTER IS COMPOSED OF PROTONS AND NEUTRONS, FORMING ATOMS AND MOLECULES, DARK MATTER IS
BELIEVED TO BE COMPOSED OF EXOTIC PARTICLES THAT INTERACT PRIMARILY THROUGH GRAVITY AND POSSIBLY THE WEAK
NUCLEAR FORCE.

Q: WHY IS DARK MATTER CALLED “DARK"P

A: DARK MATTER IS CALLED “DARK” BECAUSE IT IS INVISIBLE TO US. |T DOES NOT EMIT, ABSORB, OR REFLECT ANY FORM OF
LIGHT OR OTHER ELECTROMAGNETIC RADIATION, WHICH ARE THE PRIMARY WAYS ASTRONOMERS DETECT AND STUDY CELESTIAL
OBJECTS. |TS PRESENCE IS ONLY INFERRED THROUGH ITS GRAVITATIONAL INFLUENCE.

Q: \WHAT ARE THE MAIN PROPERTIES SCIENTISTS ATTRIBUTE TO DARK MATTER BASED
ON CURRENT OBSERVATIONS?

A: BASED ON CURRENT OBSERVATIONS, SCIENTISTS ATTRIBUTE SEVERAL KEY PROPERTIES TO DARK MATTER. THESE INCLUDE ITS
SIGNIFICANT GRAVITATIONAL INFLUENCE, ITS NON-BARYONIC NATURE (MEANING IT'S NOT MADE OF PROTONS AND NEUTRONS),
ITS WEAK INTERACTION WITH ITSELF AND ORDINARY MATTER (APART FROM GRAVITY), ITS PRESUMED STABILITY OVER COSMIC
TIMESCALES, AND ITS LIKELY “coLp” NATURE, MEANING IT WAS MOVING SLOWLY IN THE EARLY UNIVERSE, FACILITATING
STRUCTURE FORMATION.

Q: WHAT ARe WIMPS AND WHY ARE THEY CONSIDERED A CANDIDATE FOR DARK
MATTER?

A: WIMPSs, WHICH STANDS FOR WEAKLY INTERACTING MASSIVE PARTICLES, ARE HYPOTHETICAL PARTICLES THAT ARE
CONSIDERED A LEADING CANDIDATE FOR DARK MATTER. THEY ARE THEORIZED TO HAVE MASSES SIGNIFICANTLY GREATER THAN



PROTONS AND TO INTERACT WITH ORDINARY MATTER AND THEMSELVES ONLY VERY WEAKLY, PRIMARILY THROUGH GRAVITY AND
THE WEAK NUCLEAR FORCE. THIS WEAK INTERACTION ALIGNS WITH THE OBSERVED BEHAVIOR OF DARK MATTER, WHICH EXERTS
GRAVITATIONAL INFLUENCE WITHOUT PARTICIPATING IN ELECTROMAGNETIC INTERACTIONS.

QZ How ARE SCIENTISTS ATTEMPTING TO DIRECTLY DETECT DARK MATTER PARTICLES?

A: SCIENTISTS ARE ATTEMPTING TO DIRECTLY DETECT DARK MATTER PARTICLES THROUGH VARIOUS EXPERIMENT AL METHODS.
MANY EXPERIMENTS USE HIGHLY SENSITIVE DETECTORS, OFTEN PLACED DEEP UNDERGROUND TO SHIELD THEM FROM BACKGROUND
RADIATION, DESIGNED TO REGISTER THE FAINT RECOIL ENERGY WHEN A HYPOTHETICAL DARK MATTER PARTICLE COLLIDES WITH
AN ATOMIC NUCLEUS. OTHER APPROACHES INVOLVE SEARCHING FOR INDIRECT EVIDENCE, SUCH AS THE PRODUCTS OF DARK
MATTER ANNIHILATION OR DECAY, USING PARTICLE ACCELERATORS OR SPACE-BASED TELESCOPES.

Q: WHAT IS GRAVITATIONAL LENSING AND HOW DOES IT PROVIDE EVIDENCE FOR DARK
MATTER?

A: GRAVITATIONAL LENSING IS A PHENOMENON WHERE THE GRAVITY OF A MASSIVE OBJECT, SUCH AS A GALAXY OR GALAXY
CLUSTER, BENDS THE PATH OF LIGHT FROM MORE DISTANT OBJECTS. THIS BENDING CAN DISTORT, MAGNIFY, OR CREATE MULTIPLE
IMAGES OF THE BACKGROUND OBJECTS. BY ANALYZING THE DEGREE AND PATTERN OF THIS LENSING EFFECT, ASTRONOMERS CAN
MAP THE DISTRIBUTION OF MASS, INCLUDING DARK MATTER, IN THE FOREGROUND STRUCTURE. THE OBSERVED LENSING EFFECTS
ARE OFTEN FAR STRONGER THAN CAN BE EXPLAINED BY THE VISIBLE MATTER ALONE, THUS PROVIDING COMPELLING EVIDENCE FOR
THE PRESENCE OF DARK MATTER.

Q: CAN DARK MATTER BE MADE OF BLACK HOLES?

A: THE POSSIBILITY THAT DARK MATTER COULD BE COMPOSED OF PRIMORDIAL BLACK HOLES (PBHS) HAS BEEN CONSIDERED.
THESE ARE HYPOTHETICAL BLACK HOLES THAT COULD HAVE FORMED IN THE VERY EARLY UNIVERSE. WHILE PBHs couLp
THEORETICALLY CONTRIBUTE TO DARK MATTER, OBSERVATIONAL CONSTRAINTS FROM GRAVITATIONAL LENSING AND OTHER
ASTROPHYSICAL PHENOMENA HAVE SIGNIFICANTLY LIMITED THE MASS RANGES AND ABUNDANCES FOR WHICH THEY COULD
CONSTITUTE ALL OF THE UNIVERSE'S DARK MATTER. PARTICLE CANDIDATES ARE CURRENTLY CONSIDERED MORE LIKELY.
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