DARK MATTER COMPOSITION

THe UNSEEN UNIVERSE: UNRAVELING THE MYSTERIES OF DARK MATTER COMPOSITION

DARK MATTER COMPOSITION REMAINS ONE OF THE MOST PROFOUND AND PERSISTENT ENIGMAS IN MODERN COSMOLOGY. DESPITE
MAKING UP AN ESTIMATED 850/0 OF THE UNIVERSE'S TOTAL MATTER CONTENT, ITS TRUE NATURE REMAINS ELUSIVE, SPARKING
DECADES OF INTENSE SCIENTIFIC INQUIRY AND NUMEROUS THEORETICAL PROPOSALS. UNLIKE ORDINARY BARYONIC MATTER THAT
FORMS STARS, PLANETS, AND OURSELVES, DARK MATTER DOES NOT INTERACT WITH LIGHT, RENDERING IT INVISIBLE TO OUR
TELESCOPES AND DIRECT DETECTION METHODS. THIS ARTICLE DELVES DEEP INTO THE ONGOING QUEST TO UNDERSTAND WHAT
CONSTITUTES THIS INVISIBLE SCAFFOLDING OF THE COSMOS, EXPLORING THE LEADING THEORIES AND EXPERIMENTAL APPROACHES
DEDICATED TO ITS DETECTION AND CHARACTERIZATION. WE WILL EXAMINE THE COMPELLING EVIDENCE FOR ITS EXISTENCE,
DISSECT THE PRIMARY CANDIDATES FOR ITS COMPOSITION, AND DISCUSS THE CUTTING-EDGE RESEARCH AIMING TO FINALLY
REVEAL THE SECRETS OF DARK MATTER.
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WHAT IS DARK MATTER AND WHY Do WE THINK IT EXISTS?

THE CONCEPT OF DARK MATTER AROSE NOT FROM DIRECT OBSERVATION, BUT FROM A CRITICAL DISCREPANCY BETWEEN WHAT
WE OBSERVE GRAVITATIONALLY AND WHAT WE CAN SEE WITH OUR INSTRUMENTS. IN THE SIMPLEST TERMS, DARK MATTER IS A
HYPOTHETICAL FORM OF MATTER THAT DOES NOT EMIT, ABSORB, OR REFLECT LIGHT OR ANY OTHER ELECTROMAGNETIC
RADIATION. THIS LACK OF INTERACTION WITH LIGHT IS PRECISELY WHAT MAKES IT “DARK” AND SO CHALLENGING TO STUDY.
HOWEVER/ ITS GRAVITATIONAL INFLUENCE IS UNDENIABLE, SHAPING THE STRUCTURE AND EVOLUTION OF THE UNIVERSE ON VAST
SCALES.

THE UNIVERSE APPEARS TO BE DOMINATED BY THIS UNSEEN SUBSTANCE. W ITHOUT IT, OUR CURRENT COSMOLOGICAL MODELS
SIMPLY BREAK DOWN. THINK OF IT LIKE TRYING TO UNDERSTAND HOW A CROWD MOVES BY ONLY OBSERVING THE PEOPLE WHO
ARE WEARING BRIGHT, EASILY VISIBLE CLOTHING. Y OU MIGHT NOTICE PATTERNS, BUT YOU'D BE MISSING A HUGE CHUNK OF THE
PICTURE, AND THE UNDERLYING FORCES DRIVING THOSE PATTERNS WOULD REMAIN MYSTERIOUS.

THe CASE FOR INVISIBLE MATTER: EVIDENCE FOR DARK MATTER

THE EVIDENCE FOR DARK MATTER IS MULTIFACETED AND COMPELLING, STEMMING FROM VARIOUS ASTRONOMICAL OBSERVATIONS
THAT CANNOT BE EXPLAINED BY THE VISIBLE MATTER ALONE. | HESE LINES OF EVIDENCE, EACH INDEPENDENT, PAINT A CONSISTENT
PICTURE OF A UNIVERSE SIGNIFICANTLY INFLUENCED BY AN UNSEEN GRAVITATIONAL FORCE. |T’S THIS CONSISTENT
CORROBORATION ACROSS DIFFERENT COSMIC PHENOMENA THAT LENDS SUCH STRONG SUPPORT TO THE EXISTENCE OF DARK
MATTER.



GALACTIC RoTATION CURVES

ONE OF THE EARLIEST AND MOST POWERFUL PIECES OF EVIDENCE COMES FROM THE ROTATION OF GALAXIES. VERA RUBIN'S
PIONEERING WORK IN THE 1970S REVEALED THAT STARS IN THE OUTER REGIONS OF SPIRAL GALAXIES ORBIT MUCH FASTER THAN
EXPECTED BASED ON THE VISIBLE MASS OF THE GALAXY. ACCORDING TO NEWTONIAN PHYSICS, STARS FARTHER FROM THE
GALACTIC CENTER SHOULD ORBIT SLOWER, MUCH LIKE PLANETS FARTHER FROM THE SUN MOVE AT LOWER SPEEDS. HO\X/EVER,
OBSERVATIONS SHOW THAT THE ORBITAL SPEED REMAINS RELATIVELY CONSTANT, EVEN AT THE EDGES OF GALAXIES. THiS
SUGGESTS THAT THERE'S A SIGNIFICANT AMOUNT OF UNSEEN MASS EXTENDING FAR BEYOND THE VISIBLE DISK, PROVIDING THE
EXTRA GRAVITATIONAL PULL TO KEEP THESE OUTER STARS MOVING SO RAPIDLY. THIS “DARK HALO" OF MATTER IS A KEY
INDICATOR OF DARK MATTER'S PRESENCE.

GALAXY CLUSTERS

SIMILAR DISCREPANCIES ARE OBSERVED IN GALAXY CLUSTERS, THE LARGEST GRAVITATIONALLY BOUND STRUCTURES IN THE
UNIVERSE. FRITZ Zwicky, IN THE 1930s, FIRST NOTICED THAT THE GALAXIES WITHIN THE CoMA CLUSTER WERE MOVING TOO
FAST TO BE HELD TOGETHER BY THE VISIBLE MATTER ALONE. |F ONLY THE VISIBLE GALAXIES WERE PRESENT, THE CLUSTER
WOULD HAVE DISPERSED LONG AGO. T O KEEP THESE GALAXIES BOUND, A SUBSTANTIAL AMOUNT OF ADDITIONAL MASS MUST BE
PRESENT, ACTING AS AN INVISIBLE GRAVITATIONAL GLUE. THIS ADDITIONAL MASS IS ATTRIBUTED TO DARK MATTER THAT
PERMEATES THE CLUSTER.

GRAVITATIONAL LENSING

ANOTHER CRUCIAL PIECE OF EVIDENCE IS GRAVITATIONAL LENSING. MASSIVE OBJECTS, ACCORDING TO EINSTEIN'S THEORY OF
GENERAL RELATIVITY, WARP SPACETIME, CAUSING LIGHT FROM DISTANT OBJECTS TO BEND AS IT PASSES BY. THIS PHENOMENON
CAN DISTORT, MAGNIFY, OR EVEN CREATE MULTIPLE IMAGES OF BACKGROUND GALAXIES. BY STUDYING THE DEGREE OF LENSING,
ASTRONOMERS CAN MAP THE DISTRIBUTION OF MASS IN FOREGROUND OBJECTS, SUCH AS GALAXIES AND GALAXY CLUSTERS.
THESE MASS MAPS CONSISTENTLY SHOW FAR MORE MASS THAN CAN BE ACCOUNTED FOR BY THE VISIBLE MATTER, FURTHER
CONFIRMING THE EXISTENCE AND DISTRIBUTION OF DARK MATTER.

CosMic MicrowAaVE BackGrouno (CMB) RADIATION

THe CMB IS THE AFTERGLOW OF THE BIG BANG, A FAINT RADIATION PERMEATING THE ENTIRE UNIVERSE. THE SUBTLE
TEMPERATURE FLUCTUATIONS WITHIN THE CMB PROVIDE A SNAPSHOT OF THE EARLY UNIVERSE. THE PRECISE PATTERN OF THESE
FLUCTUATIONS IS EXQUISITELY SENSITIVE TO THE COMPOSITION OF THE UNIVERSE. COSMOLOGICAL MODELS THAT INCLUDE A
SIGNIFICANT COMPONENT OF DARK MATTER ARE HIGHLY SUCCESSFUL AT EXPLAINING THE OBSERVED PATTERNS IN THE CMB.

W/ ITHOUT DARK MATTER, THE OBSERVED STRUCTURE OF THE UNIVERSE AS REVEALED BY THE CMB WOULD BE VERY DIFFERENT, IF
IT COULD HAVE FORMED AT ALL.

LARGE-SCALE STRUCTURE FORMATION

THE UNIVERSE IS NOT UNIFORMLY DISTRIBUTED, IT'S A COSMIC WEB OF GALAXIES AND CLUSTERS SEPARATED BY VAST VOIDS.
THE FORMATION OF THIS LARGE-SCALE STRUCTURE FROM THE RELATIVELY SMOOTH EARLY UNIVERSE REQUIRES SEEDS OF
GRAVITATIONAL INSTABILITY. BARYONIC MATTER ALONE, DUE TO ITS INTERACTION WITH RADIATION IN THE EARLY UNIVERSE,
\WOULD NOT HAVE CLUMPED TOGETHER QUICKLY ENOUGH TO FORM THE STRUCTURES WE SEE TODAY. DARK MATTER, BEING NON-
INTERACTIVE WITH LIGHT, COULD BEGIN CLUMPING MUCH EARLIER, PROVIDING THE GRAVITATIONAL SCAFFOLDING ONTO WHICH
BARYONIC MATTER LATER FELL, THUS FACILITATING THE FORMATION OF GALAXIES AND CLUSTERS.



DeciPHERING THE CosMic ReciPe; LEADING CANDIDATES FOR DARK MATTER
CoMPOSITION

THE QUESTION OF WHAT DARK MATTER IS MADE OF IS THE CENTRAL PUZZLE. SCIENTISTS HAVE PROPOSED A VARIETY OF
CANDIDATES, BROADLY CATEGORIZED INTO BARYONIC AND NON-BARYONIC FORMS, WITH NON-BARYONIC CANDIDATES CURRENTLY
BEING THE MOST FAVORED BY EXPERIMENTAL DATA. THE SEARCH IS NOT JUST THEORETICAL, IT INVOLVES DESIGNING
SOPHISTICATED EXPERIMENTS TO DETECT THESE ELUSIVE PARTICLES.

MACHOSs: THe FAINT EcHoEs oF ORDINARY MATTER

MACHOSs, or MAssIVE ASTROPHYSICAL COMPACT HALO OBJECTS, WERE ONCE CONSIDERED A SIGNIFICANT POSSIBILITY. THIS
CATEGORY INCLUDES OBJECTS MADE OF ORDINARY BARYONIC MATTER BUT WHICH ARE FAINT OR DARK, SUCH AS BROWN
DWARFS, WHITE DWARFS, NEUTRON STARS, AND BLACK HOLES. THE IDEA WAS THAT THESE OBJECTS, LURKING IN THE HALOS OF
GALAXIES, COULD CONTRIBUTE TO THE MISSING MASS. HOWEVER, EXTENSIVE OBSERVATIONAL SEARCHES USING GRAVITATIONAL
MICROLENSING HAVE LARGELY RULED oUT MACHOS AS THE PRIMARY COMPONENT OF DARK MATTER. W/HILE THEY EXIST, THEIR
CONTRIBUTION TO THE TOTAL DARK MATTER BUDGET IS THOUGHT TO BE VERY SMALL.

W IMPs: THE MosT PoPULAR PARTICLE SUSPECTS

FOR A LONG TIME, WEAKLY INTERACTING MASSIVE PARTICLES, OR W IMPS, HAVE BEEN THE LEADING THEORETICAL CANDIDATES
FOR DARK MATTER. THESE ARE HYPOTHETICAL PARTICLES THAT INTERACT VIA THE WEAK NUCLEAR FORCE AND GRAVITY, BUT
NOT THE ELECTROMAGNETIC OR STRONG NUCLEAR FORCES, HENCE THEIR “WEAKLY INTERACTING” NATURE. THEIR “MASSIVE”
PROPERTY REFERS TO A MASS RANGE TYPICALLY MUCH LARGER THAN PROTONS. THE APPEAL OF W/IMPs LIES IN THE “W/IMP
MIRACLE”: A THEORETICAL CALCULATION SUGGESTS THAT IF SUCH PARTICLES WERE PRODUCED IN THE EARLY UNIVERSE, THEIR
PRESENT-DAY RELIC ABUNDANCE WOULD NATURALLY MATCH THE OBSERVED DENSITY OF DARK MATTER. THIS ELEGANT
COINCIDENCE HAS DRIVEN A MASSIVE EXPERIMENTAL EFFORT TO DETECT THEM.

NEUTRALINOS

A PROMINENT CLASS OF W/IMP CANDIDATES ARISES FROM SUPERSYMMETRY (SUSY), A THEORETICAL FRAMEWORK THAT
POSTULATES A SYMMETRY BETWEEN FUNDAMENTAL PARTICLES. IN SUSY, EVERY KNOWN PARTICLE HAS A SUPERPARTNER. THE
LIGHTEST SUPERSYMMETRIC PARTICLE (LSP), IF IT'S ELECTRICALLY NEUTRAL AND STABLE, COULD BE A NEUTRALINO, A MIXTURE
OF SUPERPARTNERS OF THE PHOTON, Z BOSON, AND HIGGS BOSONS. NEUTRALINOS ARE PRIME W/ IMP CANDIDATES, AND MANY
DIRECT DETECTION EXPERIMENTS ARE SPECIFICALLY DESIGNED TO LOOK FOR THEIR SIGNATURES.

OTHER WIMP CANDIDATES

BEYOND NEUTRALINOS, OTHER THEORETICAL MODELS, SUCH AS THOSE INVOLVING EXTRA DIMENSIONS OR MODIFIED GRAVITY,
ALSO PREDICT WIMP-LIKE PARTICLES. THE EXACT MASS AND INTERACTION STRENGTH OF WIMPS CAN VARY WIDELY DEPENDING
ON THE SPECIFIC THEORETICAL MODEL, WHICH MEANS THE SEARCH SPACE FOR W/ IMPS IS BROAD AND REQUIRES DIVERSE
EXPERIMENTAL STRATEGIES.

AXIONS: TINY PARTICLES WITH BIG IMPLICATIONS

AXIONS ARE ANOTHER COMPELLING CANDIDATE FOR DARK MATTER. THESE ARE EXTREMELY LIGHT, HYPOTHETICAL PARTICLES
PROPOSED TO SOLVE A PROBLEM IN QUANTUM CHROMODYNAMICS (QCD), THE THEORY OF THE STRONG NUCLEAR FORCE,
KNOWN AS THE “STRONG CP PROBLEM.” W/HILE INITIALLY CONCEIVED TO ADDRESS A PARTICLE PHYSICS PUZZLE, IT WAS LATER



REALIZED THAT AXIONS COULD ALSO BE PRODUCED IN THE EARLY UNIVERSE IN SUFFICIENT QUANTITIES TO ACCOUNT FOR DARK
MATTER. UNLIKE WIMPS, AXIONS WOULD BE VERY LIGHT BUT PRODUCED IN EXTREMELY LARGE NUMBERS. [ HEIR DETECTION
POSES A DIFFERENT SET OF EXPERIMENTAL CHALLENGES, OFTEN INVOLVING THEIR POTENTIAL TO CONVERT INTO PHOTONS IN THE
PRESENCE OF STRONG MAGNETIC FIELDS.

STERILE NEUTRINOS; A DARK TwIST ON FAMILIAR PARTICLES

NEUTRINOS ARE KNOWN ELEMENTARY PARTICLES THAT INTERACT ONLY VIA THE WEAK FORCE AND GRAVITY, AND THEY ARE VERY
LIGHT. HOWEVER, THE NEUTRINOS WE KNOW ARE “ACTIVE” AND HAVE VERY SMALL MASSES. “STERILE NEUTRINOS” ARE
HYPOTHETICAL COUNTERPARTS THAT WOULD INTERACT EVEN MORE WEAKLY, PERHAPS ONLY GRAVITATIONALLY, AND COULD
HAVE MASSES IN A RANGE SUITABLE FOR DARK MATTER. |F STERILE NEUTRINOS WITH MASSES IN THE KEV RANGE EXIST, THEY
COULD BE A SIGNIFICANT COMPONENT OF DARK MATTER. SEARCHING FOR THEIR DECAY PRODUCTS, SUCH AS X-RAYS, IS ONE
AVENUE OF INVESTIGATION.

OTHER ExoTIC POSSIBILITIES

THE UNIVERSE IS VAST AND OUR UNDERSTANDING IS INCOMPLETE, SO SCIENTISTS CONTINUE TO EXPLORE MORE EXOTIC
POSSIBILITIES FOR DARK MATTER COMPOSITION. THESE INCLUDE:

* PrIMORDIAL BLAck HoLes (PBHs): W/ HiLe MACHOS MOSTLY FOCUSED ON STELLAR REMNANTS, PBHS ARE BLACK
HOLES THAT COULD HAVE FORMED IN THE VERY EARLY UNIVERSE FROM THE COLLAPSE OF OVERDENSE REGIONS. IF THEY
EXIST IN A SPECIFIC MASS RANGE AND ABUNDANCE, THEY COULD CONTRIBUTE TO DARK MATTER.

® DARK PHOTONS: THESE ARE HYPOTHETICAL GAUGE BOSONS THAT WOULD MEDIATE INTERACTIONS BETWEEN DARK
MATTER PARTICLES AND POTENTIALLY ORDINARY MATTER, BUT THROUGH A DIFFERENT FORCE THAN ELECTROMAGNETISM.

o SUPERHEAVY DARK MATTER: PARTICLES WITH MASSES FAR EXCEEDING THOSE OF W/IMPS, POTENTIALLY NEAR THE
PLANCK SCALE, ARE ALSO CONSIDERED. THESE WOULD BEHAVE MORE LIKE A DIFFUSE FLUID THAN INDIVIDUAL PARTICLES.

THE HUNT 1S ON: EXPERIMENTAL APPROACHES TO DETECT DARK MATTER

THE THEORETICAL LANDSCAPE OF DARK MATTER CANDIDATES IS RICH, BUT THE ULTIMATE CONFIRMATION COMES FROM
EXPERIMENTAL DETECTION. SCIENTISTS ARE EMPLOYING A THREE-PRONGED APPROACH TO FIND DIRECT EVIDENCE OF DARK MATTER:
DIRECT DETECTION, INDIRECT DETECTION, AND COLLIDER SEARCHES.

DIReCT DETECTION EXPERIMENTS: LISTENING FOR THE W/HISPER

DIRECT DETECTION EXPERIMENTS AIM TO OBSERVE THE RARE INTERACTIONS BETWEEN DARK MATTER PARTICLES AND ORDINARY
MATTER IN HIGHLY SENSITIVE DETECTORS. THESE EXPERIMENTS ARE TYPICALLY LOCATED DEEP UNDERGROUND TO SHIELD THEM
FROM COSMIC RAYS AND OTHER BACKGROUND RADIATION. THE PRINCIPLE IS SIMPLE: IF A DARK MATTER PARTICLE FROM THE
GALAXY'S HALO WERE TO PASS THROUGH A DETECTOR, IT MIGHT OCCASIONALLY COLLIDE WITH AN ATOMIC NUCLEUS WITHIN
THE DETECTOR MATERIAL, IMPARTING A TINY AMOUNT OF ENERGY. DETECTORS ARE DESIGNED TO BE INCREDIBLY SENSITIVE TO
THESE MINUTE ENERGY DEPOSITIONS, WHICH MANIFEST AS FLASHES OF LIGHT (SCINTILLATION), HEAT, OR IONIZATION. EXAMPLES
OF DETECTOR TECHNOLOGIES INCLUDE NOBLE LIQUIDS (LIKE XENON AND ARGON), CRYOGENIC CRYSTALS, AND BUBBLE CHAMBERS.
THE CHALLENGE IS TO DISTINGUISH THESE RARE DARK MATTER SIGNALS FROM THE CONSTANT BOMBARDMENT OF NEUTRINOS AND
OTHER BACKGROUND EVENTS.



INDIRECT DETECTION EXPERIMENTS: OBSERVING THE BYPRODUCTS

INDIRECT DETECTION EXPERIMENTS LOOK FOR THE PRODUCTS OF DARK MATTER ANNIHILATION OR DECAY. |F DARK MATTER
PARTICLES ARE THEIR OWN ANTIPARTICLES, THEY COULD ANNIHILATE WITH EACH OTHER, PRODUCING DETECTABLE STANDARD
MODEL PARTICLES SUCH AS GAMMA RAYS, NEUTRINOS, OR POSITRONS. SIMILARLYI IF DARK MATTER PARTICLES ARE UNSTABLE,
THEIR DECAY COULD ALSO PRODUCE THESE OBSERV ABLE SIGNALS. ASTRONOMERS USE TELESCOPES AND DETECTORS TO SEARCH
FOR AN EXCESS OF THESE PARTICLES COMING FROM REGIONS WHERE DARK MATTER IS EXPECTED TO BE ABUNDANT, SUCH AS THE
GALACTIC CENTER, DWARF GALAXIES, OR GALAXY CLUSTERS. IDENTIFYING A STATISTICALLY SIGNIFICANT EXCESS ABOVE THE
EXPECTED ASTROPHYSICAL BACKGROUND IS THE KEY TO AN INDIRECT DETECTION. EXPERIMENTS LIKE THE FERMI LARGE AREA
TELESCOPE (FOR GAMMA RAYS) AND NEUTRINO OBSERVATORIES LIKE ICECUBE ARE CRUCIAL IN THIS SEARCH.

CoLLIDER SEARCHES: CREATING DARK MATTER IN THE LAB

PARTICLE COLLIDERS, SUCH AS THE LARGE HADRON CoLLiDER (LHC) AT CERN, OFFER ANOTHER AVENUE: CREATING DARK
MATTER PARTICLES. |F DARK MATTER PARTICLES ARE PRODUCED IN HIGH-ENERGY COLLISIONS, THEY WOULD ESCAPE THE
DETECTOR UNSEEN. HOWEVER, THEIR PRESENCE COULD BE INFERRED FROM A “MISSING ENERGY " SIGNATURE — WHERE THE TOTAL
ENERGY OF THE DETECTED OUTGOING PARTICLES DOES NOT BALANCE THE ENERGY OF THE INCOMING PARTICLES. BY ANALYZING
THE PATTERNS OF MISSING ENERGY, SCIENTISTS CAN SEARCH FOR EVIDENCE OF NEW/, INVISIBLE PARTICLES BEING PRODUCED.
COLLIDER EXPERIMENTS CAN PROBE DIFFERENT MASS RANGES AND INTERACTION STRENGTHS THAN DIRECT OR INDIRECT DETECTION
METHODS, PROVIDING COMPLEMENTARY INFORMATION.

THE QUEST TO UNDERSTAND DARK MATTER COMPOSITION IS ONE OF THE MOST EXCITING FRONTIERS IN SCIENCE. EACH
EXPERIMENTAL APPROACH, FROM THE SENSITIVE UNDERGROUND DETECTORS TO THE POWERFUL PARTICLE COLLIDERS AND THE
VIGILANT SKY SURVEYS, PLAYS A VITAL ROLE. THE DATA GATHERED FROM THESE DIVERSE EFFORTS ARE SLOWLY BUT SURELY
NARROWING DOWN THE POSSIBILITIES, PUSHING US CLOSER TO A DEFINITIVE ANSWER ABOUT WHAT THIS INVISIBLE COSMIC
CONSTITUENT TRULY IS. THE IMPLICATIONS OF DISCOVERING DARK MATTER'S TRUE NATURE ARE IMMENSE, PROMISING TO
REVOLUTIONIZE OUR UNDERSTANDING OF FUNDAMENTAL PHYSICS AND THE VERY FABRIC OF THE UNIVERSE.

FAQ

QI \WHAT ARE THE MAIN REASONS SCIENTISTS BELIEVE DARK MATTER EXISTS?

A: SCIENTISTS ARE CONVINCED OF DARK MATTER'S EXISTENCE DUE TO OVERWHELMING GRAVITATIONAL EVIDENCE. THIS
INCLUDES OBSERVATIONS OF FAST-SPINNING GALAXIES, THE COHESIVE MOTION OF GALAXIES WITHIN CLUSTERS, THE BENDING OF
LIGHT AROUND MASSIVE OBJECTS (GRAVITATIONAL LENSING), AND THE PATTERNS OBSERVED IN THE COSMIC MICROWAVE
BACKGROUND RADIATION. THESE PHENOMENA CANNOT BE EXPLAINED BY THE VISIBLE MATTER ALONE, POINTING TO THE PRESENCE
OF A SIGNIFICANT, UNSEEN GRAVITATIONAL INFLUENCE.

QZ IS DARK MATTER MADE OF THE SAME STUFF AS STARS AND PLANETS?

A: NO, DARK MATTER IS FUNDAMENTALLY DIFFERENT FROM ORDINARY BARYONIC MATTER THAT MAKES UP STARS, PLANETS, AND
OURSELVES. ORDINARY MATTER INTERACTS STRONGLY WITH LIGHT AND OTHER ELECTROMAGNETIC FORCES. DARK MATTER,
HOWEVER, IS THOUGHT TO BE NON-BARYONIC AND INTERACTS VERY WEAKLY, IF AT ALL, WITH LIGHT, MAKING IT INVISIBLE TO
OUR TELESCOPES.

QI WHAT IS THE MOST FAVORED CANDIDATE FOR DARK MATTER COMPOSITION?

A: CURRENTLY, WEAKLY INTERACTING MASSIVE PARTICLES (\WIMPS) HAVE BEEN THE MOST FAVORED THEORETICAL
CANDIDATES FOR DARK MATTER FOR A LONG TIME. THIS IS DUE IN PART TO THEORETICAL CALCULATIONS SUGGESTING THAT
THEIR PRODUCTION IN THE EARLY UNIVERSE COULD NATURALLY YIELD THE OBSERVED ABUNDANCE OF DARK MATTER. HOWEVER,



EXPERIMENTS HAVE YET TO DIRECTLY DETECT \X/|MPS, LEADING TO INCREASED INTEREST IN OTHER CANDIDATES LIKE AXIONS.

Q: How DO EXPERIMENTS TRY TO DIRECTLY DETECT DARK MATTER PARTICLES?

A: DIRECT DETECTION EXPERIMENTS ARE DESIGNED TO OBSERVE THE RARE OCCASIONS WHEN A DARK MATTER PARTICLE FROM THE
GALACTIC HALO COLLIDES WITH AN ATOMIC NUCLEUS WITHIN A HIGHLY SENSITIVE DETECTOR. THESE DETECTORS, OFTEN
LOCATED DEEP UNDERGROUND TO MINIMIZE INTERFERENCE, ARE BUILT TO REGISTER THE TINY ENERGY DEPOSITED DURING SUCH A
COLLISION, WHICH CAN MANIFEST AS LIGHT, HEAT, OR IONIZATION.

Q: WHAT ARE AXIONS, AND WHY ARE THEY CONSIDERED A POTENTIAL DARK MATTER
CANDIDATE?

A: AXIONS ARE HYPOTHETICAL, EXTREMELY LIGHT PARTICLES INITIALLY PROPOSED TO SOLVE A PROBLEM IN QUANTUM
CHROMODYNAMICS. |T WAS LATER REALIZED THAT IF THEY WERE PRODUCED IN THE EARLY UNIVERSE, THEIR ABUNDANCE COULD
MATCH THAT OF DARK MATTER. THEY INTERACT VERY WEAKLY AND ARE DETECTED BY EXPERIMENTS LOOKING FOR THEIR
CONVERSION INTO PHOTONS IN THE PRESENCE OF STRONG MAGNETIC FIELDS.

Q: CAN DARK MATTER BE MADE OF BLACK HOLES?

A: THE POSSIBILITY OF DARK MATTER BEING COMPOSED OF PRIMORDIAL BLACK HOLES (PBHS) IS STILL BEING EXPLORED, THOUGH
THE CONTRIBUTION FROM STELLAR-MASS BLACK HOLES OR BROWN DW ARFS (MACHOS) HAS BEEN LARGELY RULED OUT BY
GRAVITATIONAL MICROLENSING SURVEYS. IF PBHS EXIST IN SPECIFIC MASS RANGES AND ABUNDANCES, THEY COULD ACCOUNT
FOR SOME OR ALL OF DARK MATTER.

Q: WHAT IS THE SIGNIFICANCE OF THE "\W/IMP MIRACLE"?

A: THE "W/IMP MIRACLE” REFERS TO THE THEORETICAL CALCULATION THAT IF W/IMPS WERE PRODUCED IN THE EARLY UNIVERSE
WITH MASSES AND INTERACTION STRENGTHS TYPICAL OF THEORIES BEYOND THE STANDARD MODEL (LIKE SUPERSYMMETRY ),
THEIR RELIC ABUNDANCE WOULD NATURALLY MATCH THE OBSERVED COSMOLOGICAL DENSITY OF DARK MATTER WITHOUT
REQUIRING FINE-TUNING. THIS ELEGANT COINCIDENCE MADE W/ IMPS A PRIME CANDIDATE FOR DECADES.

Q: How DO PARTICLE COLLIDERS LIKE THE LHC CONTRIBUTE TO THE SEARCH FOR DARK
MATTER?

A: PARTICLE COLLIDERS SUCH AS THE LHC CAN POTENTIALLY CREATE DARK MATTER PARTICLES DURING HIGH-ENERGY
COLLISIONS. SINCE DARK MATTER PARTICLES ARE INVISIBLE, THEIR PRODUCTION IS INFERRED FROM A “MISSING ENERGY " SIGNATURE
~ WHERE THE DETECTED PARTICLES’ TOTAL ENERGY DOESN'T BALANCE THE INITIAL COLLISION ENERGY. ANALYZING THIS MISSING
ENERGY CAN REVEAL EVIDENCE OF NEW , UNDETECTED PARTICLES.
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