DARK MATTER AND ITS PARTICLES

THe Cosmic ENIGMA: UNRAVELING THE MYSTERIES OF DARK MATTER AND ITS PARTICLES

DARK MATTER AND ITS PARTICLES REPRESENT ONE OF THE MOST PROFOUND AND PERSISTENT MYSTERIES IN MODERN COSMOLOGY.
For DECADES, ASTRONOMERS AND PHYSICISTS HAVE GRAPPLED WITH EVIDENCE POINTING TO A VAST, INVISIBLE COMPONENT OF
THE UNIVERSE THAT DRAMATICALLY INFLUENCES GALACTIC STRUCTURES AND COSMIC EVOLUTION. THIS ELUSIVE SUBSTANCE,
DUBBED “DARK MATTER,” DOES NOT EMIT, ABSORB, OR REFLECT LIGHT, MAKING IT UNDETECTABLE BY CONVENTIONAL
TELESCOPES, YET ITS GRAVITATIONAL PULL IS UNDENIABLE. IN THIS COMPREHENSIVE EXPLORATION, WE WILL DELVE INTO THE
COMPELLING EVIDENCE FOR DARK MATTER, EXAMINE THE LEADING THEORETICAL CANDIDATES FOR ITS CONSTITUENT PARTICLES,
AND DISCUSS THE ONGOING EXPERIMENTAL EFFORTS TO FINALLY UNVEIL THIS COSMIC ENIGMA.
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THE OVERWHELMING EVIDENCE FOR DARK MATTER

THE CONCEPT OF DARK MATTER WASN'T BORN FROM IDLE SPECULATION; IT EMERGED FROM A SERIES OF OBSERVATIONS THAT
SIMPLY COULDN'T BE EXPLAINED BY THE VISIBLE MATTER WE CAN SEE. VERA RUBIN'S PIONEERING WORK IN THE 1970S PROVIDED
SOME OF THE EARLIEST AND MOST ROBUST EVIDENCE. SHE STUDIED THE ROTATION CURVES OF GALAXIES, OBSERVING HOW
STARS ORBIT THE GALACTIC CENTER. ACCORDING TO NEWTONIAN GRAVITY, STARS FARTHER FROM THE CENTER SHOULD ORBIT
MORE SLOWLY, MUCH LIKE PLANETS IN OUR SOLAR SYSTEM. HO\X/EVER, RUBIN FOUND THAT STARS IN THE OUTER REGIONS OF
GALAXIES WERE MOVING JUST AS FAST, IF NOT FASTER, THAN THOSE CLOSER TO THE CENTER. THIS IMPLIED THAT THERE MUST
BE A SIGNIFICANT AMOUNT OF UNSEEN MASS EXTENDING FAR BEYOND THE VISIBLE DISK OF THE GALAXY, PROVIDING THE EXTRA
GRAVITATIONAL TUG NEEDED TO KEEP THESE STARS IN THEIR ORBITS.

BEYOND GALACTIC ROTATION, THE EVIDENCE FOR DARK MATTER PERVADES THE COSMOS ON LARGER SCALES. GALAXY
CLUSTERS, MASSIVE CONGLOMERATIONS OF HUNDREDS OR EVEN THOUSANDS OF GALAXIES, ALSO EXHIBIT ANOMALIES. THE
SPEEDS AT WHICH GALAXIES MOVE WITHIN THESE CLUSTERS ARE FAR TOO HIGH TO BE HELD TOGETHER BY THE GRAVITY OF THEIR
VISIBLE COMPONENTS ALONE. WITHOUT A SUBSTANTIAL AMOUNT OF ADDITIONAL, INVISIBLE MASS, THESE CLUSTERS WOULD
HAVE LONG SINCE DISPERSED. FRITZ ZWICKY FIRST NOTED THIS DISCREPANCY IN THE 1930S, AND SUBSEQUENT OBSERVATIONS
HAVE ONLY AMPLIFIED HIS FINDINGS.

ANOTHER POWERFUL LINE OF EVIDENCE COMES FROM THE STUDY OF GRAVITATIONAL LENSING. THIS PHENOMENON OCCURS WHEN
MASSIVE OBJECTS, LIKE GALAXY CLUSTERS, WARP THE FABRIC OF SPACETIME, BENDING THE LIGHT FROM OBJECTS LOCATED
BEHIND THEM. THE DEGREE TO WHICH LIGHT IS BENT IS DIRECTLY PROPORTIONAL TO THE MASS OF THE LENSING OBJECT. By
ANALYZING THESE LENSING PATTERNS, ASTRONOMERS CAN MAP THE DISTRIBUTION OF MASS IN THE UNIVERSE. THESE MAPS
CONSISTENTLY REVEAL THAT THE TOTAL MASS INFERRED FROM GRAVITATIONAL LENSING IS SIGNIFICANTLY GREATER THAN THE
MASS ACCOUNTED FOR BY VISIBLE STARS, GAS, AND DUST. THIS EXCESS MASS IS ATTRIBUTED TO DARK MATTER, AND ITS
DISTRIBUTION OFTEN MATCHES PREDICTIONS FROM COSMOLOGICAL SIMULATIONS THAT INCLUDE DARK MATTER.

FURTHERMORE, THE COSMIC MICROW AVE BACKGROUND (CMB) RADIATION, THE FAINT AFTERGLOW OF THE Big BANG, PROVIDES
YET ANOTHER CRUCIAL PIECE OF THE PUZZLE. TINY TEMPERATURE FLUCTUATIONS IN THE CMB MAP REVEAL THE DENSITY
VARIATIONS IN THE EARLY UNIVERSE. THE PRECISE PATTERNS OBSERVED IN THESE FLUCTUATIONS ARE EXQUISITELY SENSITIVE TO
THE PROPORTIONS OF DIFFERENT TYPES OF MATTER. COSMOLOGICAL MODELS THAT INCORPORATE DARK MATTER ACCURATELY
PREDICT THE OBSERVED CMB ANISOTROPIES, WHILE MODELS WITHOUT IT FAIL SPECTACULARLY. THIS SUGGESTS THAT DARK
MATTER PLAYED A PIVOTAL ROLE IN THE FORMATION OF THE LARGE-SCALE STRUCTURE OF THE UNIVERSE WE OBSERVE TODAY,
ACTING AS GRAVITATIONAL SEEDS AROUND WHICH ORDINARY MATTER COULD EVENTUALLY COALESCE INTO GALAXIES AND
CLUSTERS.



CANDIDATES FOR DARK MATTER PARTICLES; THE LEADING THEORIES

GIVEN THE COMPELLING EVIDENCE, THE SCIENTIFIC COMMUNITY IS INTENSELY FOCUSED ON IDENTIFYING THE NATURE OF DARK
MATTER. WHILE THE EXACT COMPOSITION REMAINS UNKNOWN, SEVERAL THEORETICAL FRAMEW ORKS PROPOSE CANDIDATE
PARTICLES. THESE CANDIDATES GENERALLY FALL INTO TWO BROAD CATEGORIES: BARYONIC DARK MATTER AND NON-BARYONIC
DARK MATTER. BARYONIC DARK MATTER WOULD CONSIST OF ORDINARY MATTER (PROTONS AND NEUTRONS) THAT IS SIMPLY
TOO DIM TO DETECT, SUCH AS BROWN DWARFS, ROGUE PLANETS, OR BLACK HOLES. HO\)VEVER, OBSERVATIONS oF THE CMB
AND THE ABUNDANCE OF LIGHT ELEMENTS SYNTHESIZED IN THE BIG BANG STRONGLY CONSTRAIN THE AMOUNT OF BARYONIC
MATTER IN THE UNIVERSE, SUGGESTING THAT BARYONIC DARK MATTER CAN ONLY ACCOUNT FOR A SMALL FRACTION, IF ANY, OF
THE TOTAL DARK MATTER CONTENT.

THe WIMP HypoTHESIS: WEAKLY INTERACTING MASSIVE PARTICLES

THE MOST POPULAR CLASS OF CANDIDATES FOR NON-BARYONIC DARK MATTER IS WEAKLY INTERACTING MASSIVE PARTICLES,
or WIMPs. As THEIR NAME SUGGESTS, WIMPS ARE THEORIZED TO INTERACT ONLY THROUGH THE WEAK NUCLEAR FORCE AND
GRAVITY. THIS EXPLAINS WHY THEY ARE SO DIFFICULT TO DETECT. THEY ARE ALSO EXPECTED TO BE MASSIVE, PROVIDING THE
GRAVITATIONAL INFLUENCE NEEDED. THE WIMP HYPOTHESIS IS PARTICULARLY APPEALING BECAUSE MANY EXTENSIONS TO THE
STANDARD MODEL OF PARTICLE PHYSICS, SUCH AS SUPERSYMMETRY, NATURALLY PREDICT THE EXISTENCE OF SUCH PARTICLES.
THE MASS oF WIMPS IS GENERALLY THOUGHT TO BE IN THE RANGE OF TENS TO THOUSANDS OF TIMES THE MASS OF A PROTON.
IF W IMPs EXIST, THEY WOULD HAVE BEEN PRODUCED IN THE VERY EARLY UNIVERSE AND WOULD HAVE DECOUPLED FROM THE
THERMAL EQUILIBRIUM, LEAVING A RELIC ABUNDANCE THAT MATCHES THE OBSERVED DARK MATTER DENSITY.

AXIONS: EXTREMELY LIGHT CANDIDATES

ANOTHER PROMINENT CANDIDATE PARTICLE IS THE AXION. PROPOSED TO SOLVE A PROBLEM IN QUANTUM CHROMODYNAMICS
RELATED TO THE STRONG NUCLEAR FORCE, AXIONS ARE PREDICTED TO BE EXTREMELY LIGHT AND VERY WEAKLY INTERACTING.
UNLIKE WIMPS, WHICH ARE EXPECTED TO BE PRODUCED IN THERMAL EQUILIBRIUM, AXIONS WOULD HAVE BEEN PRODUCED NON-
THERMALLY IN THE EARLY UNIVERSE. THEIR LOW MASS MEANS THAT THEY WOULD BE PRODUCED IN VAST NUMBERS, AND THEIR
COLLECTIVE GRAVITATIONAL EFFECT COULD ACCOUNT FOR DARK MATTER. AXIONS ARE ALSO ATTRACTIVE BECAUSE THEY ARE
PREDICTED BY A WELL-MOTIVATED EXTENSION TO THE STANDARD MODEL AND OFFER A POTENTIALLY DIFFERENT EXPERIMENT AL
DETECTION STRATEGY COMPARED TO WIMPs.

STERILE NEUTRINOS: A NEUTRINO-LIKE ENIGMA

NEUTRINOS ARE ALREADY KNOWN PARTICLES THAT ARE PART OF THE STANDARD MODEL, BUT THEY ARE TOO LIGHT AND MOVE
TOO FAST TO ACCOUNT FOR THE OBSERVED DARK MATTER. HO\X/EVER, THEORETICAL EXTENSIONS PROPOSE THE EXISTENCE OF
“STERILE NEUTRINOS.” THESE HYPOTHETICAL PARTICLES WOULD INTERACT EVEN MORE WEAKLY THAN REGULAR NEUTRINOS,
PRIMARILY THROUGH GRAVITY, AND COULD HAVE MASSES IN A RANGE THAT WOULD MAKE THEM SUITABLE DARK MATTER
CANDIDATES. DETECTING STERILE NEUTRINOS WOULD BE A SIGNIFICANT CHALLENGE, AS THEIR WEAK INTERACTIONS WOULD MAKE
THEM EXCEEDINGLY DIFFICULT TO OBSERVE DIRECTLY.

OTHER ExOTIC POSSIBILITIES

BEYOND THESE LEADING CONTENDERS, THE THEORETICAL LANDSCAPE IS RICH WITH OTHER POSSIBILITIES. THESE INCLUDE
PRIMORDIAL BLACK HOLES FORMED IN THE EARLY UNIVERSE (THOUGH CONSTRAINED BY GRAVITATIONAL LENSING SURVEYS),
FUZZY DARK MATTER, WHICH WOULD CONSIST OF VERY LIGHT PARTICLES THAT BEHAVE LIKE WAVES ON GALACTIC SCALES, AND
VARIOUS OTHER HYPOTHETICAL PARTICLES ARISING FROM MORE SPECULATIVE EXTENSIONS TO THE STANDARD MODEL. THE
SHEER DIVERSITY OF THESE CANDIDATES UNDERSCORES THE PROFOUND NATURE OF THE DARK MATTER PUZZLE, SUGGESTING THAT



THE SOLUTION MIGHT LIE IN PHYSICS BEYOND OUR CURRENT UNDERSTANDING.

EXPERIMENTAL HUNTS FOR DARK MATTER PARTICLES

THE QUEST TO DETECT DARK MATTER PARTICLES IS A GLOBAL ENDEAVOR INVOLVING A DIVERSE ARRAY OF EXPERIMENTAL
TECHNIQUES. SCIENTISTS ARE EMPLOYING THREE PRIMARY STRATEGIES: DIRECT DETECTION, INDIRECT DETECTION, AND COLLIDER
PRODUCTION. EACH METHOD AIMS TO OBSERVE THE SIGNATURE OF DARK MATTER PARTICLES, EITHER BY THEIR INTERACTION WITH
ORDINARY MATTER, THEIR DECAY PRODUCTS, OR THEIR CREATION IN HIGH-ENERGY COLLISIONS.

DIReCT DETECTION EXPERIMENTS

DIRECT DETECTION EXPERIMENTS AIM TO OBSERVE THE RARE INTERACTIONS OF DARK MATTER PARTICLES WITH ATOMIC NUCLEI IN
HIGHLY SENSITIVE DETECTORS. THESE DETECTORS ARE TYPICALLY LOCATED DEEP UNDERGROUND TO SHIELD THEM FROM COSMIC
RAYS AND OTHER BACKGROUND RADIATION. W/HEN A DARK MATTER PARTICLE, SUCH AS A W/IMP, COLLIDES WITH AN ATOMIC
NUCLEUS IN THE DETECTOR MATERIAL, IT IS EXPECTED TO IMPART A TINY RECOIL ENERGY. SCIENTISTS MONITOR FOR THESE FAINT
SIGNALS USING MATERIALS LIKE LIQUID XENON, GERMANIUM CRYSTALS, OR SODIUM IODIDE. EXAMPLES OF PROMINENT DIRECT
DETECTION EXPERIMENTS INCLUDE LUX-ZEPLIN (LZ), XENONNT, AND SUPERCDMS. THE CHALLENGE LIES IN DISTINGUISHING A
GENUINE DARK MATTER SIGNAL FROM THE UBIQUITOUS BACKGROUND NOISE.

INDIRECT DETECTION EXPERIMENTS

INDIRECT DETECTION EXPERIMENTS SEARCH FOR THE PRODUCTS OF DARK MATTER ANNIHILATION OR DECAY. |F DARK MATTER
PARTICLES ARE THEIR OWN ANTIPARTICLES, THEY COULD ANNIHILATE WITH EACH OTHER, PRODUCING A CASCADE OF KNOWN
PARTICLES SUCH AS GAMMA RAYS, NEUTRINOS, OR ANTIMATTER (POSITRONS AND ANTIPROTONS). TELESCOPES LIKE THE FERMI
GAMMA-RAY SPACE TELESCOPE AND GROUND-BASED OBSERVATORIES LIKE THE HIGH ENERGY STEREOSCOPIC SYsTEM (HESS)
SEARCH FOR EXCESS GAMMA RAYS COMING FROM REGIONS WHERE DARK MATTER IS EXPECTED TO BE ABUNDANT, SUCH AS THE
GALACTIC CENTER OR DWARF GALAXIES. NEUTRINO OBSERVATORIES LIKE ICECUBE ALSO LOOK FOR HIGH-ENERGY NEUTRINOS
THAT COULD BE A SIGNATURE OF DARK MATTER ANNIHILATION WITHIN THE SUN OR EARTH.

CoLLIDER PRODUCTION

THE THIRD APPROACH INVOLVES ATTEMPTING TO PRODUCE DARK MATTER PARTICLES IN HIGH-ENERGY PARTICLE COLLIDERS,
MOST NOTABLY THE LARGE HADRON CoLLIDER (LHC) AT CERN. IF DARK MATTER PARTICLES ARE PRODUCED IN A COLLISION,
THEY WOULD ESCAPE THE DETECTOR WITHOUT INTERACTING. HOWEVER, THEIR PRESENCE COULD BE INFERRED FROM THE MISSING
ENERGY AND MOMENTUM IN THE COLLISION DEBRIS. PHYSICISTS LOOK FOR EVENTS WHERE PARTICLES ARE PRODUCED, BUT THE
TOTAL MOMENTUM AND ENERGY APPEAR UNBALANCED, SUGGESTING THAT SOME INVISIBLE PARTICLES HAVE CARRIED THEM AWAY.
THIS METHOD IS PARTICULARLY EFFECTIVE FOR SEARCHING FOR CERTAIN TYPES OF W/IMPS AND OTHER WEAKLY INTERACTING
MASSIVE PARTICLES.

THE FUTURE oF DARKk MATTER RESEARCH

THE ONGOING PURSUIT OF DARK MATTER PARTICLES IS POISED TO REMAIN A CENTRAL THEME IN ASTROPHYSICS AND PARTICLE
PHYSICS FOR THE FORESEEABLE FUTURE. AS EXPERIMENTAL SENSITIVITY CONTINUES TO IMPROVE, THE CHANCES OF A DEFINITIVE
DETECTION INCREASE. NEW GENERATIONS OF DETECTORS, BOTH FOR DIRECT AND INDIRECT DETECTION, ARE BEING DESIGNED WITH
UNPRECEDENTED SENSITIVITY, PUSHING THE BOUNDARIES OF WHAT IS MEASURABLE. THESE ADVANCEMENTS, COUPLED WITH THE
CONTINUOUS REFINEMENT OF THEORETICAL MODELS AND THE POTENTIAL DISCOVERIES FROM UPCOMING PARTICLE COLLIDERS,



OFFER A TANTALIZING PROSPECT: THE EVENTUAL UNVEILING OF THE NATURE OF DARK MATTER.

THE IMPLICATIONS OF DISCOVERING DARK MATTER PARTICLES WOULD BE PROFOUND, REVOLUTIONIZING OUR UNDERSTANDING OF
THE UNIVERSE'S COMPOSITION, EVOLUTION, AND FUNDAMENTAL LAWS OF PHYSICS. [T WOULD NOT ONLY PROVIDE A DIRECT
ANSWER TO ONE OF THE MOST PRESSING COSMIC QUESTIONS BUT COULD ALSO PAVE THE WAY FOR NEW PHYSICS BEYOND THE
STANDARD MODEL/ OPENING UP ENTIRELY NEW AVENUES OF SCIENTIFIC EXPLORATION. THE JOURNEY TO UNDERSTAND DARK
MATTER IS A TESTAMENT TO HUMANITY’S INSATIABLE CURIOSITY AND OUR PERSISTENT DRIVE TO COMPREHEND THE UNIVERSE
AROUND US.

FAQ

QI \WHAT IS THE PRIMARY EVIDENCE THAT SUGGESTS THE EXISTENCE OF DARK MATTER?

A: THE PRIMARY EVIDENCE FOR DARK MATTER COMES FROM ITS GRAVITATIONAL EFFECTS. OBSERVATIONS OF GALACTIC
ROTATION CURVES, THE DYNAMICS OF GALAXY CLUSTERS, GRAVITATIONAL LENSING, AND THE PATTERNS IN THE COSMIC
MICROWAVE BACKGROUND ALL INDICATE THAT THERE IS SIGNIFICANTLY MORE MASS IN THE UNIVERSE THAN CAN BE ACCOUNTED
FOR BY VISIBLE MATTER ALONE.

Q: WHY IS DARK MATTER CALLED “DARK"P

A: DARK MATTER IS CALLED “DARK” BECAUSE IT DOES NOT INTERACT WITH ELECTROMAGNETIC RADIATION; IT DOES NOT EMIT,
ABSORB, OR REFLECT LIGHT. THIS MAKES IT INVISIBLE TO TELESCOPES THAT RELY ON DETECTING LIGHT ACROSS THE
ELECTROMAGNETIC SPECTRUM.

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, AND STERILE NEUTRINOS. EACH OF THESE HYPOTHETICAL PARTICLES HAS DIFFERENT PROPERTIES REGARDING MASS AND
INTERACTION STRENGTH, AND THEY ARISE FROM DIFFERENT THEORETICAL FRAMEWORKS IN PARTICLE PHYSICS.

Q! How DO DIRECT DETECTION EXPERIMENTS SEARCH FOR DARK MATTER PARTICLES?

A: DIRECT DETECTION EXPERIMENTS USE HIGHLY SENSITIVE DETECTORS, OFTEN LOCATED DEEP UNDERGROUND, TO OBSERVE THE
RARE OCCASIONS WHEN A DARK MATTER PARTICLE COLLIDES WITH AN ATOMIC NUCLEUS. THIS COLLISION IS EXPECTED TO
CAUSE A TINY RECOIL, WHICH THE DETECTOR AIMS TO REGISTER.

Q: WHAT IS INDIRECT DETECTION OF DARK MATTER?

A INDIRECT DETECTION INVOLVES LOOKING FOR THE BYPRODUCTS OF DARK MATTER ANNIHILATION OR DECAY. IF DARK MATTER
PARTICLES INTERACT WITH EACH OTHER, THEY COULD PRODUCE DETECTABLE PARTICLES LIKE GAMMA RAYS, NEUTRINOS, OR
ANTIMATTER, WHICH CAN BE OBSERVED BY TELESCOPES AND DETECTORS.

QI CAN DARK MATTER BE MADE OF ORDINARY MATTER THAT IS JUST HARD TO SEE?

A: WHILE SOME DARK MATTER COULD BE BARYONIC (ORDINARY MATTER), SUCH AS BROWN DWARFS OR BLACK HOLES,
COSMOLOGICAL OBSERVATIONS, PARTICULARLY FROM THE COSMIC MICROWAVE BACKGROUND AND THE ABUNDANCE OF LIGHT
ELEMENTS, STRONGLY SUGGEST THAT BARYONIC MATTER CAN ONLY ACCOUNT FOR A SMALL FRACTION OF THE TOTAL DARK
MATTER IN THE UNIVERSE. THE MAJORITY IS BELIEVED TO BE NON-BARYONIC.



Q: WHAT Is THE SIGNIFICANCE OF WIMPS AS DARK MATTER CANDIDATES?

A: WIMPs ARE SIGNIFICANT BECAUSE MANY THEORIES THAT EXTEND THE STANDARD MODEL OF PARTICLE PHYSICS, SUCH AS
SUPERSYMMETRY, NATURALLY PREDICT THEIR EXISTENCE. THEIR THEORETICAL PROPERTIES ALIGN WELL WITH THE OBSERVED
GRAVITATIONAL EFFECTS OF DARK MATTER.

Q: How ARE PARTICLE COLLIDERS LIKE THE LHC USED TO SEARCH FOR DARK MATTER?

A: AT COLLIDERS LIKE THE LHC, SCIENTISTS ATTEMPT TO PRODUCE DARK MATTER PARTICLES BY SMASHING ORDINARY
PARTICLES TOGETHER AT EXTREMELY HIGH ENERGIES. |F DARK MATTER PARTICLES ARE CREATED, THEY WOULD ESCAPE THE
DETECTOR UNSEEN, BUT THEIR PRESENCE COULD BE INFERRED FROM MISSING ENERGY AND MOMENTUM IN THE COLLISION DEBRIS.

QI WHAT ARE AXIONS , AND WHY ARE THEY CONSIDERED DARK MATTER CANDIDATES?

A: AXIONS ARE HYPOTHETICAL, EXTREMELY LIGHT PARTICLES PROPOSED TO SOLVE A PROBLEM IN THE THEORY OF THE STRONG
NUCLEAR FORCE. THEY ARE CONSIDERED DARK MATTER CANDIDATES BECAUSE IF THEY EXIST WITH THE RIGHT PROPERTIES, THEY
COULD HAVE BEEN PRODUCED IN VAST NUMBERS IN THE EARLY UNIVERSE, AND THEIR COLLECTIVE GRAVITATIONAL INFLUENCE
COULD ACCOUNT FOR DARK MATTER.

QI \WHAT WOULD BE THE IMPACT OF DISCOVERING THE TRUE NATURE OF DARK MATTER?

A: DISCOVERING THE TRUE NATURE OF DARK MATTER WOULD BE A MONUMENTAL SCIENTIFIC ACHIEVEMENT. |T WOULD
REVOLUTIONIZE OUR UNDERSTANDING OF COSMOLOGY AND PARTICLE PHYSICS, POTENTIALLY REVEALING NEW FUNDAMENTAL
PARTICLES AND FORCES, AND PROFOUNDLY IMPACTING OUR COMPREHENSION OF THE UNIVERSE'S STRUCTURE AND EVOLUTION.
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