COSMOLOGICAL CONSTANT SOLUTION

THE COSMOLOGICAL CONSTANT SOLUTION IS ONE OF THE MOST PROFOUND MYSTERIES IN MODERN PHYSICS AND COSMOLOGY,
REPRESENTING A PERSISTENT ENIGMA THAT CHALLENGES OUR UNDERSTANDING OF THE UNIVERSE. THIS ELUSIVE VALUE,
ORIGINALLY INTRODUCED BY ALBERT EINSTEIN IN HIS THEORY OF GENERAL RELATIVITY AND LATER ABANDONED, HAS RE-EMERGED
WITH A VENGEANCE, POINTING TOWARDS A MYSTERIOUS DARK ENERGY DRIVING THE ACCELERATED EXPANSION OF THE COSMOS.
(UNDERSTANDING THE COSMOLOGICAL CONSTANT SOLUTION INVOLVES DELVING INTO THEORETICAL PHYSICS, OBSERVATIONAL
COSMOLOGY, AND THE VERY FABRIC OF SPACETIME. THIS ARTICLE WILL EXPLORE THE HISTORICAL CONTEXT OF THE
COSMOLOGICAL CONSTANT, THE OBSERVATIONAL EVIDENCE THAT BROUGHT IT BACK INTO FOCUS, THE THEORETICAL PUZZLES IT
PRESENTS, AND THE ONGOING QUEST FOR A DEFINITIVE COSMOLOGICAL CONSTANT SOLUTION.
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\W/HEN ALBERT EINSTEIN FIRST FORMULATED HIS THEORY OF GENERAL RELATIVITY IN 1915, HE ENVISIONED A STATIC,
UNCHANGING UNIVERSE. HOWEVER, HIS FIELD EQUATIONS, WHICH ELEGANTLY DESCRIBE GRAVITY AS THE CURVATURE OF
SPACETIME, NATURALLY PREDICTED A DYNAMIC UNIVERSE — ONE THAT WAS EITHER EXPANDING OR CONTRACTING. TO
COUNTERACT THIS NATURAL TENDENCY AND FORCE A STATIC SOLUTION, EINSTEIN INGENIOUSLY INTRODUCED A NEW TERM INTO
HIS EQUATIONS: THE COSMOLOGICAL CONSTANT, DENOTED BY THE GREEK LETTER LAMBDA (A). THIS TERM ACTED AS A SORT
OF REPULSIVE FORCE, PUSHING MATTER APART AND BALANCING THE ATTRACTIVE PULL OF GRAVITY, THEREBY MAINTAINING A
STABLE, UNCHANGING COSMOS. IT WAS A CLEVER MATHEMATICAL MANEUVER, A COSMIC THERMOSTAT DESIGNED TO KEEP THE
UNIVERSE IN A PERPETUAL STATE OF EQUILIBRIUM.

HO\X/EVER/ THIS ELEGANT SOLUTION PROVED TO BE SHORT-LIVED. W/ITHIN A DECADE, OBSERVATIONAL EVIDENCE BEGAN TO
MOUNT THAT INDICATED THE UNIVERSE WAS, IN FACT, NOT STATIC AT ALL. EowIN HUBBLE'S GROUNDBREAKING OBSERVATIONS
IN THE LATE 19205 REVEALED THAT DISTANT GALAXIES ARE RECEDING FROM US, AND THE FARTHER AWAY THEY ARE, THE
FASTER THEY ARE MOVING. THIS DISCOVERY, KNOWN AS HuesLE's |_A\X/, PROVIDED COMPELLING EVIDENCE FOR AN EXPANDING
UNIVERSE. FACED WITH THIS EMPIRICAL REALITY, EINSTEIN FAMOUSLY LAMENTED HIS “BIGGEST BLUNDER,” REGRETTING THE
INTRODUCTION OF THE COSMOLOGICAL CONSTANT AND SUBSEQUENTLY REMOVING IT FROM HIS EQUATIONS. FOR MANY YEARS,
THE COSMOLOGICAL CONSTANT WAS RELEGATED TO A HISTORICAL FOOTNOTE, A THEORETICAL CURIOSITY FROM A BYGONE ERA
OF COSMOLOGY.

OBSERVATIONAL EVIDENCE FOR AN ACCELERATING UNIVERSE

THE STORY OF THE COSMOLOGICAL CONSTANT TOOK A DRAMATIC TURN IN THE LATE 1990S, COMPLETELY REVITALIZING ITS
SIGNIFICANCE. TWO INDEPENDENT TEAMS OF ASTRONOMERS, THE SUPERNOVA COSMOLOGY PROJECT AND THE HIGH-Z
SUPERNOVA SEARCH TEAM, WERE STUDYING T YPE |A SUPERNOVAE — A SPECIFIC TYPE OF EXPLODING STAR THAT HAS A
REMARKABLY CONSISTENT INTRINSIC BRIGHTNESS. BY MEASURING THE APPARENT BRIGHTNESS OF THESE SUPERNOVAE,
ASTRONOMERS CAN DETERMINE THEIR DISTANCE FROM EARTH. SIMULTANEOUSLY, BY MEASURING THE REDSHIFT OF THEIR LIGHT,
THEY CAN DETERMINE HOW FAST THEY ARE MOVING AWAY FROM US.

THE RESULTS OF THESE OBSERVATIONS WERE ASTONISHING AND, AT FIRST, DIFFICULT TO BELIEVE. THE DATA INDICATED THAT
DISTANT TYPE |A SUPERNOVAE WERE FAINTER THAN THEY SHOULD HAVE BEEN IF THE UNIVERSE WERE EXPANDING AT A
CONSTANT RATE, OR EVEN DECELERATING DUE TO GRAVITY. THIS IMPLIED THAT THE EXPANSION OF THE UNIVERSE WAS NOT
ONLY ONGOING BUT WAS ACTUALLY SPEEDING UP. THIS UNEXPECTED ACCELERATION SUGGESTED THE PRESENCE OF A



MYSTERIOUS FORCE COUNTERACTING GRAVITY ON COSMIC SCALES, A FORCE THAT SEEMED TO BE INHERENT TO SPACE ITSELF.
THIS NEWFOUND OBSERVATIONAL EVIDENCE BREATHED NEW LIFE INTO EINSTEIN'S ABANDONED COSMOLOGICAL CONSTANT,
PROVIDING A POTENTIAL EXPLANATION FOR THIS COSMIC ACCELERATION.

THe NATURE OF DARK ENERGY

THE DRIVING FORCE BEHIND THIS ACCELERATED EXPANSION IS WHAT COSMOLOGISTS HAVE TERMED “DARK ENERGY.” W/HILE THE
COSMOLOGICAL CONSTANT REMAINS THE SIMPLEST EXPLANATION FOR DARK ENERGY, IT IS NOT THE ONLY ONE. DARK ENERGY IS
THOUGHT TO CONSTITUTE ABOUT 700/0 OF THE TOTAL ENERGY DENSITY OF THE UNIVERSE, YET ITS NATURE REMAINS ONE OF
THE MOST SIGNIFICANT PUZZLES IN PHYSICS. THE COSMOLOGICAL CONSTANT, IF IT INDEED REPRESENTS DARK ENERGY, WOULD BE
A MANIFESTATION OF VACUUM ENERGY — THE ENERGY INHERENT IN EMPTY SPACE. HO\X/EVER, THIS LEADS TO A MONUMENTAL
THEORETICAL DISCREPANCY, WHICH WE WILL EXPLORE NEXT.

IMPLICATIONS FOR THE FATE oF THE UNIVERSE

THE DISCOVERY OF COSMIC ACCELERATION HAS PROFOUND IMPLICATIONS FOR THE ULTIMATE FATE OF THE UNIVERSE. |F THE
ACCELERATION CONTINUES, GALAXIES WILL RECEDE FROM EACH OTHER AT EVER-INCREASING SPEEDS. EVENTUALLY, GALAXIES
BEYOND OUR LOCAL GROUP WILL BECOME SO DISTANT THAT THEIR LIGHT WILL NEVER REACH US, EFFECTIVELY DISAPPEARING
FROM OUR OBSERVABLE UNIVERSE. THIS SCENARIO, OFTEN REFERRED TO AS THE “BIG FREEZE” OR “HEAT DEATH,” PAINTS A
PICTURE OF A UNIVERSE THAT WILL BECOME INCREASINGLY COLD, DARK, AND EMPTY OVER UNFATHOMABLY LONG TIMESCALES.
UNDERSTANDING THE COSMOLOGICAL CONSTANT IS THEREFORE NOT JUST AN ACADEMIC PURSUIT; IT'S ABOUT COMPREHENDING
OUR COSMIC DESTINY.

THe THeEORETICAL CONUNDRUM: THE VACUUM ENERGY PROBLEM

W/HILE THE COSMOLOGICAL CONSTANT PROVIDES AN ELEGANT EXPLANATION FOR THE OBSERVED COSMIC ACCELERATION, IT
OPENS UP A PANDORA’S BOX OF THEORETICAL PROBLEMS, THE MOST NOTORIOUS OF WHICH IS THE VACUUM ENERGY PROBLEM’
OR “COSMOLOGICAL CONSTANT PROBLEM.” QUANTUM FIELD THEORY, OUR MOST SUCCESSFUL FRAMEW ORK FOR DESCRIBING THE
FUNDAMENTAL FORCES AND PARTICLES OF NATURE, PREDICTS THAT EMPTY SPACE, OR THE VACUUM, IS NOT TRULY EMPTY.
|NSTEAD, IT IS A SEETHING FOAM OF VIRTUAL PARTICLES POPPING IN AND OUT OF EXISTENCE, IMBUING SPACE WITH A NON-ZERO
ENERGY DENSITY.

/

THE PROBLEM ARISES WHEN WE TRY TO CALCULATE THE MAGNITUDE OF THIS VACUUM ENERGY. T HEORETICAL PREDICTIONS
BASED ON QUANTUM FIELD THEORY YIELD A VALUE THAT IS STAGGERINGLY LARGER THAN THE OBSERVED COSMOLOGICAL
CONSTANT — BY A FACTOR OF APPROXIMATELY 10120. THIS DISCREPANCY IS SO IMMENSE THAT IT IS CONSIDERED ONE OF THE
GREATEST FAILURES OF MODERN THEORETICAL PHYSICS. |T SUGGESTS A FUNDAMENTAL MISUNDERSTANDING IN OUR CURRENT
THEORIES OR A MISSING PIECE OF THE PUZZLE THAT CONNECTS QUANTUM MECHANICS AND GENERAL RELATIVITY. IT's AkIN TO
PREDICTING THE WEIGHT OF A FEATHER AND ARRIVING AT THE MASS OF A MOUNTAIN; THE SCALE OF THE ERROR IS SIMPLY MIND-
BOGGLING.

THe FINE-TUNING PROBLEM

THIS ENORMOUS DISCREPANCY LEADS TO WHAT IS KNOWN AS THE “FINE-TUNING PROBLEM.” FOR THE UNIVERSE TO BE AS IT IS,
WITH STARS FORMING, GALAXIES COALESCING, AND LIFE EMERGING, THE COSMOLOGICAL CONSTANT MUST HAVE AN INCREDIBLY
PRECISE, NON-ZERO VALUE. IF THE VACUUM ENERGY WERE EVEN SLIGHTLY LARGER, THE REPULSIVE FORCE WOULD HAVE
OVERWHELMED GRAVITY IN THE EARLY UNIVERSE, PREVENTING STRUCTURES FROM EVER FORMING. CONVERSELY, IF IT WERE MUCH
SMALLER, THE UNIVERSE WOULD HAVE ALREADY RECOLLAPSED UNDER ITS OWN GRAVITY. THE OBSERVED VALUE SEEMS
EXQUISITELY TUNED TO ALLOW FOR THE EXISTENCE OF COMPLEXITY AND OBSERVERS LIKE US. THIS FINE-TUNING SUGGESTS



EITHER AN INCREDIBLE COSMIC COINCIDENCE OR A DEEPER UNDERLYING PRINCIPLE AT PLAY.

RETHINKING THE V ACUUM

THE COSMOLOGICAL CONSTANT PROBLEM FORCES PHYSICISTS TO FUNDAMENTALLY RETHINK OUR UNDERSTANDING OF THE
VACUUM AND ITS ENERGETIC CONTRIBUTION. IS IT POSSIBLE THAT OUR CALCULATIONS ARE FLAWED? ARE THERE
CANCELLATIONS AT PLAY THAT WE HAVEN'T ACCOUNTED FOR? OR IS THE VACUUM ENERGY SIMPLY NOT WHAT WE CURRENTLY
IMAGINE IT TO BE? THESE QUESTIONS DRIVE MUCH OF THE RESEARCH INTO FINDING A VIABLE COSMOLOGICAL CONSTANT
SOLUTION THAT RECONCILES THE PREDICTIONS OF QUANTUM MECHANICS WITH THE OBSERVATIONS OF COSMOLOGY.

LEADING THEORETICAL APPROACHES TO THE CosMoLOGICAL CONSTANT
SOLUTION

THE IMMENSE THEORETICAL CHALLENGE POSED BY THE COSMOLOGICAL CONSTANT HAS SPURRED A WIDE ARRAY OF THEORETICAL
INVESTIGATIONS, EACH ATTEMPTING TO BRIDGE THE GAP BETWEEN THEORY AND OBSERVATION. W/HILE NO SINGLE SOLUTION HAS
GAINED UNIVERSAL ACCEPTANCE, THESE APPROACHES OFFER INTRIGUING POSSIBILITIES FOR RESOLVING THE MYSTERY.

ANTHROPIC PRINCIPLE

ONE OF THE MORE CONTROVERSIAL BUT DISCUSSED APPROACHES IS THE ANTHROPIC PRINCIPLE. THIS PRINCIPLE SUGGESTS THAT
THE UNIVERSE’'S FUNDAMENTAL CONSTANTS, INCLUDING THE VALUE OF THE COSMOLOGICAL CONSTANT, ARE THE WAY THEY ARE
BECAUSE IF THEY WERE DIFFERENT, WE WOULD NOT BE HERE TO OBSERVE THEM. IN A MULTIVERSE SCENARIO, WHERE COUNTLESS
UNIVERSES EXIST WITH VARYING PHYSICAL PROPERTIES, WE WOULD NATURALLY FIND OURSELVES IN A UNIVERSE WHOSE
CONSTANTS ARE CONDUCIVE TO LIFE. WHILE NOT A PREDICTIVE THEORY IN THE TRADITIONAL SENSE, IT OFFERS A POTENTIAL
EXPLANATION FOR THE FINE-TUNING BY SHIFTING THE FOCUS FROM A SPECIFIC CAUSE TO THE OBSERVATIONAL SELECTION EFFECT
OF CONSCIOUS BEINGS.

DynaMicAL DARK ENERGY MODELS

BEYOND A SIMPLE CONSTANT, MANY THEORIES PROPOSE THAT DARK ENERGY IS NOT STATIC BUT RATHER A DYNAMIC FIELD THAT
CHANGES OVER TIME AND SPACE. THESE “DYNAMICAL DARK ENERGY " MODELS, SUCH AS QUINTESSENCE, INTRODUCE NEW SCALAR
FIELDS WITH SPECIFIC PROPERTIES. THE EVOLUTION OF THESE FIELDS COULD LEAD TO A COSMOLOGICAL CONSTANT-LIKE
BEHAVIOR TODAY, BUT WITH A DIFFERENT UNDERLYING MECHANISM THAT MIGHT AVOID THE EXTREME FINE-TUNING PROBLEM.
THESE MODELS OFFER A RICHER TAPESTRY OF POSSIBILITIES FOR THE NATURE OF DARK ENERGY.

MoDIFICATIONS TO GENERAL RELATIVITY

ANOTHER AVENUE OF RESEARCH INVOLVES MODIFYING EINSTEIN'S THEORY OF GENERAL RELATIVITY ITSELF. PERHAPS GRAVITY
BEHAVES DIFFERENTLY ON COSMOLOGICAL SCALES THAN WE CURRENTLY UNDERSTAND. THEORIES OF MODIFIED GRAVITY
ATTEMPT TO ALTER THE GRAVITATIONAL FIELD EQUATIONS IN A WAY THAT CAN EXPLAIN THE ACCELERATED EXPANSION
WITHOUT INVOKING A LARGE VACUUM ENERGY. THESE MODIFICATIONS CAN RANGE FROM ADDING NEW TERMS TO THE EINSTEIN-
HILBERT ACTION TO CONSIDERING EXTRA DIMENSIONS OR MORE COMPLEX GRAVITATIONAL INTERACTIONS.



STRING THEORY AND QUANTUM GRAVITY

MORE AMBITIOUS ATTEMPTS TO SOLVE THE COSMOLOGICAL CONSTANT PROBLEM COME FROM THE REALM OF QUANTUM
GRAVITY, PARTICULARLY STRING THEORY. STRING THEORY AIMS TO UNIFY ALL FUNDAMENTAL FORCES, INCLUDING GRAVITY, BY
PROPOSING THAT FUNDAMENTAL CONSTITUENTS OF THE UNIVERSE ARE TINY VIBRATING STRINGS. W/ITHIN THE FRAMEWORK OF
STRING THEORY, THERE ARE HOPES THAT THE PROBLEMATIC VACUUM ENERGY COULD BE NATURALLY CANCELED OUT OR
DYNAMICALLY DETERMINED TO A MUCH SMALLER, OBSERVABLE VALUE. HO\X/EVER, STRING THEORY IS STILL UNDER DEVELOPMENT,
AND EXTRACTING CONCRETE, TESTABLE PREDICTIONS FOR THE COSMOLOGICAL CONSTANT REMAINS A SIGNIFICANT CHALLENGE.

THe FuTUrRe oF CosMoLoGICAL CONSTANT RESEARCH

THE QUEST FOR A COSMOLOGICAL CONSTANT SOLUTION IS FAR FROM OVER; IT IS AN ACTIVE AND VIBRANT AREA OF RESEARCH
THAT IS PUSHING THE BOUNDARIES OF OUR UNDERSTANDING OF THE UNIVERSE. FUTURE ASTRONOMICAL SURVEYS AND
EXPERIMENTS ARE POISED TO PLAY A CRUCIAL ROLE IN SHEDDING LIGHT ON THIS ENIGMA. PRECISION MEASUREMENTS OF THE
COSMIC MICROWAVE BACKGROUND, LARGE-SCALE STRUCTURE OF THE UNIVERSE, AND THE EXPANSION HISTORY THROUGH
TECHNIQUES LIKE BARYON ACOUSTIC OSCILLATIONS AND GRAVITATIONAL LENSING WILL PROVIDE INCREASINGLY DETAILED DATA.

THESE FUTURE OBSERVATIONS WILL AIM TO DISTINGUISH BETWEEN DIFFERENT DARK ENERGY MODELS, HELPING TO CONSTRAIN
THEORETICAL POSSIBILITIES AND POTENTIALLY RULE OUT SOME APPROACHES ALTOGETHER. | HE DEVELOPMENT OF NEW
THEORETICAL FRAMEWORKS, PARTICULARLY THOSE THAT CAN SUCCESSFULLY UNIFY QUANTUM MECHANICS AND GENERAL
RELATIVITY, IS ALSO ESSENTIAL. THE COSMOLOGICAL CONSTANT, ONCE A DISCARDED IDEA, HAS BECOME A CENTRAL PUZZLE,
DRIVING INNOVATION IN BOTH THEORETICAL PHYSICS AND OBSERVATIONAL COSMOLOGY, AND ITS EVENTUAL SOLUTION
PROMISES TO REVOLUTIONIZE OUR UNDERSTANDING OF THE COSMOS.

Q: WHAT IS THE COSMOLOGICAL CONSTANT AND WHY WAS IT ORIGINALLY
INTRODUCED?

A: THE COSMOLOGICAL CONSTANT, DENOTED BY LAMBDA (A), IS A TERM ALBERT EINSTEIN ADDED TO HIS EQUATIONS OF
GENERAL RELATIVITY IN 19 15. HE INTRODUCED IT TO COUNTERACT THE NATURAL TENDENCY OF HIS EQUATIONS TO PREDICT A
DYNAMIC, NON-STATIC UNIVERSE, IN ORDER TO SUPPORT THE PREVAILING SCIENTIFIC BELIEF AT THE TIME THAT THE UNIVERSE
WAS STATIC AND UNCHANGING.

Q: WHAT LED TO THE REINTRODUCTION OF THE COSMOLOGICAL CONSTANT INTO
COSMOLOGICAL MODELS?

A: THE COSMOLOGICAL CONSTANT WAS REINTRODUCED INTO COSMOLOGICAL MODELS IN THE LATE 1990s DUE TO THE
SURPRISING DISCOVERY THAT THE UNIVERSE'S EXPANSION IS ACCELERATING. OBSERVATIONS OF DISTANT T YPE |A SUPERNOVAE
SHOWED THEM TO BE FAINTER THAN EXPECTED, INDICATING THAT THE UNIVERSE IS EXPANDING AT AN INCREASING RATE, A
PHENOMENON THAT THE COSMOLOGICAL CONSTANT, INTERPRETED AS DARK ENERGY, COULD EXPLAIN.

Q: WHAT IS THE MAIN THEORETICAL PROBLEM ASSOCIATED WITH THE COSMOLOGICAL
CONSTANT?

A: THE MAIN THEORETICAL PROBLEM IS THE “VACUUM ENERGY PROBLEM” OR “COSMOLOGICAL CONSTANT PROBLEM.” QUANTUM
FIELD THEORY PREDICTS THAT THE VACUUM OF SPACE POSSESSES A NON-ZERO ENERGY DENSITY, BUT THE CALCULATED VALUE
IS VASTLY LARGER (BY ABOUT 120 ORDERS OF MAGNITUDE) THAN THE OBSERVED VALUE OF THE COSMOLOGICAL CONSTANT.
THIS ENORMOUS DISCREPANCY IS A MAJOR CHALLENGE FOR THEORETICAL PHYSICS.



QZ How DOES THE COSMOLOGICAL CONSTANT RELATE TO DARK ENERGY?

A: THE COSMOLOGICAL CONSTANT IS THE SIMPLEST EXPLANATION FOR DARK ENERGY. DARK ENERGY IS THE HYPOTHETICAL FORM
OF ENERGY THAT PERMEATES ALL OF SPACE AND IS RESPONSIBLE FOR THE OBSERVED ACCELERATED EXPANSION OF THE UNIVERSE.
IF THE COSMOLOGICAL CONSTANT IS NON-ZERO, IT NATURALLY LEADS TO A REPULSIVE FORCE THAT DRIVES THIS
ACCELERATION.

QI \WHAT ARE SOME OF THE THEORETICAL APPROACHES BEING EXPLORED TO SOLVE THE
COSMOLOGICAL CONSTANT PROBLEM?

A: LEADING THEORETICAL APPROACHES INCLUDE THE ANTHROPIC PRINCIPLE (ARGUING THAT WE OBSERVE THE VALUE IT IS
BECAUSE IT ALLOWS FOR LIFE), DYNAMICAL DARK ENERGY MODELS (SUGGESTING DARK ENERGY IS NOT CONSTANT BUT
EVOL\/ES), MODIFICATIONS TO GENERAL RELATIVITY, AND FRAMEWORKS OF QUANTUM GRAVITY LIKE STRING THEORY.

QZ \WHAT IS THE FINE-TUNING PROBLEM RELATED TO THE COSMOLOGICAL CONSTANT?

A: THE FINE-TUNING PROBLEM REFERS TO THE FACT THAT FOR THE UNIVERSE TO CONTAIN STRUCTURES LIKE STARS AND
GALAXIES, AND FOR LIFE TO EMERGE, THE COSMOLOGICAL CONSTANT MUST HAVE AN INCREDIBLY PRECISE, SMALL, NON-ZERO
VALUE. IF IT WERE MUCH LARGER, THE UNIVERSE WOULD HAVE EXPANDED TOO RAPIDLY FOR STRUCTURES TO FORM; IF IT WERE
SMALLER, IT MIGHT HAVE ALREADY COLLAPSED.

QI How WILL FUTURE ASTRONOMICAL OBSERVATIONS CONTRIBUTE TO UNDERSTANDING
THE COSMOLOGICAL CONSTANT?

A: FUTURE ASTRONOMICAL SURVEYS WILL PROVIDE MUCH MORE PRECISE MEASUREMENTS OF THE UNIVERSE'S EXPANSION
HISTORY, THE DISTRIBUTION OF MATTER, AND OTHER COSMOLOGICAL PARAMETERS. THESE IMPROVED DATA WILL HELP TO
CONSTRAIN DIFFERENT MODELS OF DARK ENERGY, INCLUDING THE COSMOLOGICAL CONSTANT, AND POTENTIALLY DISTINGUISH
BETWEEN THEM, GUIDING THEORETICAL RESEARCH.

Q: CouLD THE COSMOLOGICAL CONSTANT CHANGE OVER TIME?

A: WHILE THE SIMPLEST MODEL OF THE COSMOLOGICAL CONSTANT ASSUMES IT IS INDEED CONSTANT, SOME THEORETICAL
MODELS PROPOSE THAT DARK ENERGY IS A DYNAMIC FIELD THAT CAN CHANGE OVER TIME. THESE “DYNAMICAL DARK ENERGY "
MODELS ARE AN ACTIVE AREA OF RESEARCH AND COULD OFFER A WAY TO RESOLVE SOME OF THE THEORETICAL ISSUES
ASSOCIATED WITH A STATIC COSMOLOGICAL CONSTANT.
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