COSMOLOGICAL REDSHIFT TABLE

UNDERSTANDING THE COSMOLOGICAL REDSHIFT T ABLE

COSMOLOGICAL REDSHIFT TABLE SERVES AS AN INDISPENSABLE TOOL FOR ASTRONOMERS AND COSMOLOGISTS, OFFERING A
QUANTITATIVE WAY TO MEASURE THE EXPANSION OF THE UNIVERSE AND THE DISTANCES TO CELESTIAL OBJECTS. THIS
INTRICATE RELATIONSHIP BET\WEEN REDSHIFT, DISTANCE, AND TIME ALLOWS US TO PEER BACK INTO THE cosMos'’s HISTORY,
UNDERSTANDING ITS EVOLUTION AND THE VASTNESS OF SPACE. UNDERSTANDING A COSMOLOGICAL REDSHIFT TABLE ISN/TJUST
ABOUT CRUNCHING NUMBERS; IT'S ABOUT DECIPHERING THE UNIVERSE'S NARRATIVE ETCHED IN LIGHT. WE'LL EXPLORE WHAT A
COSMOLOGICAL REDSHIFT TABLE IS, HOW IT's CONSTRUCTED, ITS CRUCIAL ROLE IN COSMOLOGY, AND PRACTICAL EXAMPLES OF
ITS APPLICATION. THIS ARTICLE WILL DELVE INTO THE UNDERLYING PHYSICS, THE CHALLENGES IN ITS INTERPRETATION, AND ITS
PROFOUND IMPLICATIONS FOR OUR UNDERSTANDING OF THE UNIVERSE'S SCALE AND DESTINY.
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WHAT IS COSMOLOGICAL REDSHIFT?

COSMOLOGICAL REDSHIFT IS A FUNDAMENTAL PHENOMENON OBSERVED IN ASTRONOMY, REPRESENTING THE STRETCHING OF LIGHT
WAVES AS THE UNIVERSE EXPANDS. UNLIKE DOPPLER REDSHIFT, WHICH IS CAUSED BY THE RELATIVE MOTION OF A SOURCE AND
OBSERVER THROUGH SPACE, COSMOLOGICAL REDSHIFT IS A CONSEQUENCE OF THE EXPANSION OF SPACETIME ITSELF. AS LIGHT
TRAVELS FROM A DISTANT GALAXY TOWARDS US, THE SPACE IT TRAVERSES IS ALSO EXPANDING. THIS EXPANSION STRETCHES
THE WAVELENGTHS OF THE PHOTONS, SHIFTING THEM TOWARDS THE RED END OF THE ELECTROMAGNETIC SPECTRUM. THE
GREATER THE DISTANCE TO AN OBJECT, THE MORE ITS LIGHT IS REDSHIFTED DUE TO THE CUMULATIVE EXPANSION OF SPACE OVER
THAT VAST DISTANCE.

THIS OBSERVED REDSHIFT IS OFTEN QUANTIFIED BY THE PARAMETER ‘Z'. A HIGHER ‘7' VALUE INDICATES A GREATER REDSHIFT AND,
CONSEQUENTLY, A MORE DISTANT AND EARLIER EPOCH IN THE UNIVERSE'S HISTORY. FOR EXAMPLE, A GALAXY WITH A REDSHIFT
OF z=1 HAS HAD ITS LIGHT STRETCHED BY A FACTOR OF TWO DUE TO THE EXPANSION OF THE UNIVERSE SINCE THE LIGHT WAS
EMITTED. THIS FUNDAMENTAL CONCEPT IS THE BEDROCK UPON WHICH MUCH OF OUR UNDERSTANDING OF THE LARGE-SCALE
STRUCTURE AND EVOLUTION OF THE COSMOS IS BUILT.

THEe PHYsIcs BeHIND CoSMOLOGICAL REDSHIFT

THE THEORETICAL FOUNDATION FOR COSMOLOGICAL REDSHIFT LIES IN EINSTEIN'S THEORY OF GENERAL RELATIVITY. THIS
THEORY DESCRIBES GRAVITY NOT AS A FORCE, BUT AS A CURVATURE OF SPACETIME CAUSED BY MASS AND ENERGY. IN A
UNIVERSE THAT IS NOT STATIC, BUT RATHER DYNAMIC AND EXPANDING, THE FABRIC OF SPACETIME ITSELF IS STRETCHING. \W/HEN
LIGHT, WHICH TRAVELS AT A CONSTANT SPEED THROUGH SPACETIME, IS EMITTED FROM A SOURCE IN THIS EXPANDING UNIVERSE,
ITS WAVELENGTH IS ELONGATED AS SPACETIME EXPANDS AROQUND IT.

IMAGINE A RUBBER BAND WITH DOTS DRAWN ON IT. IF YOU STRETCH THE RUBBER BAND, THE DISTANCE BETWEEN THE DOTS
INCREASES, AND THE WAVELENGTH OF ANY WAVE DRAWN ON THE BAND WOULD ALSO STRETCH. SIMILARLY, AS THE UNIVERSE
EXPANDS, THE WAVELENGTHS OF LIGHT EMITTED FROM DISTANT OBJECTS ARE STRETCHED. THIS STRETCHING IS DIRECTLY



PROPORTIONAL TO THE AMOUNT OF EXPANSION THAT HAS OCCURRED SINCE THE LIGHT WAS EMITTED, AND THEREFORE, TO THE
DISTANCE OF THE OBJECT. THE MATHEMATICAL RELATIONSHIP BETWEEN REDSHIFT (Z) AND THE SCALE FACTOR OF THE UNIVERSE
(A) ISGIVENBY 1 +2z= ]/A, WHERE ‘A’ IS THE RATIO OF THE CURRENT SIZE OF THE UNIVERSE TO ITS SIZE AT THE TIME OF
LIGHT EMISSION.

HueBLE's LAW AND REDSHIFT

EbwIN HUBBLE'S GROUNDBREAKING OBSERVATIONS IN THE LATE 1920S REVEALED A DIRECT CORRELATION BETWEEN THE
REDSHIFT OF GALAXIES AND THEIR DISTANCES. THIS RELATIONSHIP, NOW KNOWN AS HUBBLE'S LAW, STATES THAT GALAXIES
ARE RECEDING FROM US AT A SPEED PROPORTIONAL TO THEIR DISTANCE. MATHEMATICALLY, THIS IS EXPRESSED AS V = HgD,
WHERE V' 1S THE RECESSIONAL VELOCITY, ‘Hg' 1S THE HUBBLE CONSTANT (A MEASURE OF THE CURRENT EXPANSION RATE OF
THE UNIVERSE), AND ‘D IS THE DISTANCE TO THE GALAXY. WHILE THIS VELOCITY IS OFTEN INTERPRETED AS MOTION THROUGH
SPACE, IT'S MORE ACCURATELY UNDERSTOOD AS THE EXPANSION OF SPACE ITSELF CARRYING THE GALAXIES APART.

THE REDSHIFT WE OBSERVE IS A DIRECT CONSEQUENCE OF THIS EXPANSION. FOR NEARBY GALAXIES, THE RECESSIONAL VELOCITY
IS SMALL, AND THE REDSHIFT IS SLIGHT. FOR MORE DISTANT GALAXIES, THE EXPANSION HAS HAD MORE TIME TO ACT, LEADING TO
GREATER VELOCITIES AND SIGNIFICANTLY LARGER REDSHIFTS. THIS EMPIRICAL OBSERVATION PROVIDED THE FIRST STRONG
EVIDENCE FOR AN EXPANDING UNIVERSE AND IS A CORNERSTONE FOR USING REDSHIFT AS A DISTANCE INDICATOR.

CoNsTRUCTING A CosMoLOGICAL ReDSHIFT T ABLE

CREATING A COSMOLOGICAL REDSHIFT TABLE IS A COMPLEX PROCESS THAT RELIES ON METICULOUS OBSERVATION AND
SOPHISTICATED ANALYSIS. THE FUNDAMENTAL INPUT IS THE MEASUREMENT OF THE REDSHIFT OF LIGHT FROM CELESTIAL OBJECTS.
THIS IS TYPICALLY ACHIEVED BY ANALYZING THE SPECTRUM OF LIGHT EMITTED BY A GALAXY OR QUASAR. STARS AND
GALAXIES EMIT LIGHT AT SPECIFIC WAVELENGTHS CORRESPONDING TO THE ELECTRON TRANSITIONS WITHIN THEIR ATOMS,
CREATING CHARACTERISTIC SPECTRAL LINES. W/HEN THIS LIGHT IS STRETCHED BY COSMOLOGICAL REDSHIFT, THESE SPECTRAL
LINES ARE SHIFTED TOWARDS LONGER, REDDER W AVELENGTHS.

ASTRONOMERS USE SPECTROGRAPHS ATTACHED TO TELESCOPES TO CAPTURE THIS LIGHT AND SPREAD IT OUT INTO ITS
CONSTITUENT WAVELENGTHS. BY COMPARING THE OBSERVED POSITIONS OF THESE SPECTRAL LINES TO THEIR KNOWN REST-
FRAME POSITIONS (MEASURED IN A LABORATORY ON EARTH), THE REDSHIFT 'z’ CAN BE CALCULATED. THIS MEASURED REDSHIFT
IS THE PRIMARY DATA POINT USED TO POPULATE A COSMOLOGICAL REDSHIFT TABLE.

FrRoM REDSHIFT To DISTANCE

ONCE THE REDSHIFT 'z’ IS DETERMINED, THE NEXT CRUCIAL STEP IS TO CONVERT THIS REDSHIFT INTO A DISTANCE. THis
CONVERSION IS NOT STRAIGHTFORW ARD AND DEPENDS ON THE ADOPTED COSMOLOGICAL MODEL, WHICH DESCRIBES THE
COMPOSITION AND EXPANSION HISTORY OF THE UNIVERSE. DIFFERENT COSMOLOGICAL MODELS, CHARACTERIZED BY PARAMETERS
SUCH AS THE DENSITIES OF DARK MATTER, DARK ENERGY, AND BARYONIC MATTER, YIELD DIFFERENT RELATIONSHIPS BET WEEN
REDSHIFT AND DISTANCE.

THE MOST COMMONLY USED DISTANCES IN COSMOLOGICAL TABLES ARE:

o COMOVING DISTANCE: THIS IS THE DISTANCE BETWEEN TWO OBJECTS IF THE EXPANSION OF THE UNIVERSE WERE TO BE
“FROZEN" AT THE PRESENT EPOCH. |T’S THE DISTANCE MEASURED ALONG A LINE OF SIGHT, ACCOUNTING FOR EXPANSION.

® | UMINOSITY DISTANCE: THIS IS THE DISTANCE DERIVED FROM THE APPARENT BRIGHTNESS OF AN OBJECT, ASSUMING ITS
INTRINSIC LUMINOSITY IS KNOWN. |T'S LARGER THAN THE COMOVING DISTANCE DUE TO THE EXPANSION STRETCHING THE
LIGHT AND DIMMING ITS INTENSITY.



® ANGULAR DIAMETER DISTANCE: THIS IS THE DISTANCE DERIVED FROM THE APPARENT ANGULAR SIZE OF AN OBJECT OF
KNOWN PHYSICAL SIZE. IT'S ALSO AFFECTED BY THE EXPANSION AND CURVATURE OF SPACETIME.

THESE DISTANCE MEASURES ARE ALL CALCULATED USING INTEGRALS THAT DEPEND ON THE HUBBLE CONSTANT AND THE MATTER
AND ENERGY CONTENT OF THE UNIVERSE, AS DESCRIBED BY THE CHOSEN COSMOLOGICAL MODEL.

Key CoMPONENTS OoF A CoSMOLOGICAL REDSHIFT T ABLE

A TYPICAL COSMOLOGICAL REDSHIFT TABLE IS DESIGNED TO PROVIDE ASTRONOMERS WITH QUICK AND EASY ACCESS TO KEY
COSMOLOGICAL PARAMETERS FOR A GIVEN REDSHIFT. W/HILE THE EXACT FORMAT CAN VARY, CERTAIN ESSENTIAL COLUMNS ARE
ALMOST ALWAYS PRESENT. THESE TABLES ACT AS LOOKUP GUIDES, SAVING RESEARCHERS THE EFFORT OF RECALCULATING
THESE VALUES FOR EVERY SINGLE OBSERVATION.

THE CORE COMPONENTS OF A COSMOLOGICAL REDSHIFT TABLE USUALLY INCLUDE:

o REDSHIFT (Z)I THE FUNDAMENTAL MEASUREMENT, REPRESENTING THE FRACTIONAL CHANGE IN WAVELENGTH OF LIGHT.

o ScALE FACTOR (A): THE RATIO OF THE UNIVERSE'S SIZE AT THE TIME OF OBSERVATION TO ITS CURRENT SIZE, DIRECTLY
RELATED TO REDSHIFT BY A = 1/(1+2).

® | 0OKBACK TIME: THE TIME ELAPSED SINCE THE LIGHT WAS EMITTED, EFFECTIVELY THE AGE OF THE UNIVERSE WHEN THE
LIGHT LEFT THE OBJECT. THIS IS A CRUCIAL METRIC FOR UNDERSTANDING THE HISTORY OF THE UNIVERSE.

e CosMIC AGE: THE AGE OF THE UNIVERSE AT THE REDSHIFT ‘z’. THIS IS CALCULATED BY INTEGRATING THE EXPANSION
RATE FROM THE BIG BANG TO THE EPOCH CORRESPONDING TO THE REDSHIFT.

o CoMOVING DISTANCE: THE DISTANCE THAT ACCOUNTS FOR THE EXPANSION OF THE UNIVERSE. THIS IS OFTEN THE MOST
USEFUL DISTANCE MEASURE FOR MAPPING THE LARGE-SCALE STRUCTURE OF THE COSMOS.

® [ UMINOSITY DISTANCE: THE DISTANCE INFERRED FROM AN OBJECT/S APPARENT BRIGHTNESS, IMPORTANT FOR STUDYING
SUPERNOVAE AND OTHER STANDARD CANDLES.

® ANGULAR DIAMETER DISTANCE: THE DISTANCE INFERRED FROM AN OB_JECT,S APPARENT SIZE, USEFUL FOR STUDYING THE
COSMIC MICROWAVE BACKGROUND AND THE DISTRIBUTION OF GALAXIES.

THe IMPORTANCE OF THE CoSMoLOGICAL MODEL

IT’S VITAL TO UNDERSTAND THAT THE VALUES PRESENTED IN A COSMOLOGICAL REDSHIFT TABLE ARE NOT ABSOLUTE TRUTHS
BUT ARE DERIVED FROM A SPECIFIC SET OF ASSUMPTIONS ABOUT THE UNIVERSE'S COMPOSITION AND EXPANSION HISTORY. THIS
SET OF ASSUMPTIONS IS ENCAPSULATED IN WHAT COSMOLOGISTS CALL THE “COSMOLOGICAL MODEL.” THE MOST WIDELY
ACCEPTED MODEL CURRENTLY IS THE LAMBDA-CDM (ACDM) MODEL, WHICH INCLUDES COLD DARK MATTER (CDM) AND A
COSMOLOGICAL CONSTANT (/) REPRESENTING DARK ENERGY.

DIFFERENT COSMOLOGICAL MODELS, OR EVEN DIFFERENT PARAMETER VALUES WITHIN THE ACDM MoDEL (LIKE VARIATIONS IN THE
HUBBLE CONSTANT OR THE DENSITY OF DARK ENERGY), WILL RESULT IN DIFFERENT VALUES FOR LOOKBACK TIME, DISTANCE, AND
COSMIC AGE FOR A GIVEN REDSHIFT. THEREFORE, WHEN USING A COSMOLOGICAL REDSHIFT TABLE, IT'S ESSENTIAL TO KNOW
WHICH COSMOLOGICAL MODEL AND PARAMETERS WERE USED TO GENERATE IT. THIS ENSURES CONSISTENCY AND ACCURACY IN
SCIENTIFIC INTERPRETATIONS AND COMPARISONS BETWEEN DIFFERENT STUDIES.



APPLICATIONS OF COSMOLOGICAL ReDSHIFT T ABLES

COSMOLOGICAL REDSHIFT TABLES ARE INDISPENSABLE TOOLS IN A WIDE ARRAY OF ASTRONOMICAL RESEARCH. THEIR ABILITY TO
TRANSLATE THE OBSERVABLE QUANTITY OF REDSHIFT INTO MEANINGFUL COSMOLOGICAL PARAMETERS LIKE DISTANCE AND AGE
ALLOWS SCIENTISTS TO PROBE THE UNIVERSE IN UNPRECEDENTED DETAIL. WITHOUT THESE TABLES, THE VAST DISTANCES AND
DEEP PAST OF THE COSMOS WOULD REMAIN LARGELY INACCESSIBLE TO US.

SOME OF THE KEY APPLICATIONS INCLUDE:

® MAPPING THE LARGE-SCALE STRUCTURE OF THE UNIVERSE: BY MEASURING THE REDSHIFTS OF MILLIONS OF GALAXIES,
ASTRONOMERS CAN CREATE 3D MAPS OF THE COSMOS, REVEALING THE COSMIC WEB OF GALAXY CLUSTERS, FILAMENTS,
AND VOIDS. REDSHIFT TABLES ARE ESSENTIAL FOR CONVERTING THESE REDSHIFT MEASUREMENTS INTO SPATIAL
COORDINATES.

® STUDYING GALAXY EVOLUTION: BY OBSERVING GALAXIES AT DIFFERENT REDSHIFTS, ASTRONOMERS CAN EFFECTIVELY
LOOK BACK IN TIME AND STUDY HOW GALAXIES HAVE FORMED AND EVOLVED OVER COSMIC HISTORY. REDSHIFT TABLES
HELP DETERMINE THE EPOCH AT WHICH THESE OBSERVATIONS \WERE MADE.

® |INVESTIGATING THE EXPANSION HISTORY OF THE UNIVERSE: THE RELATIONSHIP BETWEEN REDSHIFT AND DISTANCE, AS
PROVIDED BY THESE TABLES, ALLOWS COSMOLOGISTS TO TEST AND REFINE MODELS OF COSMIC EXPANSION, INCLUDING
THE ROLE OF DARK ENERGY.

o CosMic MicrowAVE BackGround (CMB) STupies: THE CMB IS A RELIC RADIATION FROM THE EARLY UNIVERSE.
ANALYZING ITS PROPERTIES AT DIFFERENT ANGULAR SCALES RELIES ON REDSHIFT-DISTANCE RELATIONSHIPS TO
UNDERSTAND THE CONDITIONS OF THE UNIVERSE AT THAT VERY EARLY EPOCH.

® PROBING DISTANT OBJECTS: FROM QUASARS TO THE MOST DISTANT GALAXIES, REDSHIFT TABLES ARE CRUCIAL FOR
DETERMINING THEIR DISTANCES AND UNDERSTANDING THEIR PROPERTIES, PUSHING THE BOUNDARIES OF OUR
OBSERVATIONAL REACH.

STANDARD CANDLES AND STANDARD RULERS

COSMOLOGICAL REDSHIFT TABLES ARE PARTICULARLY VITAL WHEN ASTRONOMERS USE “STANDARD CANDLES” AND “STANDARD
RULERS” TO MEASURE COSMIC DISTANCES. STANDARD CANDLES ARE OBJECTS WITH A KNOWN INTRINSIC LUMINOSITY, LIKE T YPE
|A SUPERNOVAE. BY COMPARING THEIR APPARENT BRIGHTNESS TO THEIR KNOWN INTRINSIC BRIGHTNESS, THEIR DISTANCE CAN BE
INFERRED. SIMILARLY, STANDARD RULERS ARE OBJECTS WITH A KNOWN PHYSICAL SIZE, ALLOWING THEIR DISTANCE TO BE
CALCULATED FROM THEIR APPARENT ANGULAR SIZE.

IN BOTH THESE CASES, THE OBSERVED REDSHIFT IS CRUCIAL. [T NOT ONLY TELLS US HOW FAR AWAY THE OBJECT IS (THROUGH
THE REDSHIFT-DISTANCE RELATION PROVIDED BY TABLES) BUT ALSO PROVIDES INFORMATION ABOUT THE EPOCH AT WHICH WE
ARE OBSERVING IT. FOR INSTANCE, WHEN STUDYING TYPE |A SUPERNOVAE AT HIGH REDSHIFTS, ASTRONOMERS USE REDSHIFT
TABLES TO DETERMINE HOW THE EXPANSION RATE OF THE UNIVERSE HAS CHANGED OVER TIME, WHICH IS KEY TO UNDERSTANDING
THE ACCELERATION OF COSMIC EXPANSION DRIVEN BY DARK ENERGY.

INTERPRETING COSMOLOGICAL ReEDSHIFT DATA

INTERPRETING COSMOLOGICAL REDSHIFT DATA REQUIRES A CAREFUL UNDERSTANDING OF THE UNDERLYING PHYSICS AND THE
ASSUMPTIONS EMBEDDED IN THE REDSHIFT TABLES BEING USED. IT'S NOT SIMPLY A MATTER OF READING A NUMBER, IT's ABOUT
UNDERSTANDING WHAT THAT NUMBER SIGNIFIES WITHIN THE BROADER CONTEXT OF COSMOLOGY.



HERE ARE SOME KEY CONSIDERATIONS WHEN INTERPRETING COSMOLOGICAL REDSHIFT DATA:

e CosMoLoGICAL MoDEL DEPENDENCY: AS MENTIONED, ALL DISTANCE AND AGE CALCULATIONS ARE DEPENDENT ON THE
CHOSEN COSMOLOGICAL MODEL. ALWAYS BE AWARE OF THE MODEL (E.G., ACDM) AND ITS PARAMETERS (Hg, MM,
Q) USED TO GENERATE THE REDSHIFT TABLE.

o REDSHIFT vS. VELOCITY: FOR VERY LOW REDSHIFTS (z <

o LookBAacCk TIME IS AGE: THE LOOKBACK TIME LISTED IN A REDSHIFT TABLE REPRESENTS HOW LONG AGO THE LIGHT WAS
EMITTED. W/HEN COMBINED WITH THE COSMIC AGE AT THAT REDSHIFT, IT GIVES THE AGE OF THE UNIVERSE AT THE TIME
OF OBSERVATION.

e DISTANCE MEASURES MATTER: BE CLEAR ABOUT WHICH DISTANCE MEASURE YOU ARE USING (COMOVING/ LUMINOSITY,
ANGULAR DIAMETER). EACH HAS SPECIFIC APPLICATIONS AND INTERPRETATIONS IN COSMOLOGICAL STUDIES.

THe CosMic LADDER oF DISTANCES

COSMOLOGICAL REDSHIFT TABLES ARE THE PINNACLE OF THE “COSMIC LADDER OF DISTANCES.” THIS LADDER BEGINS WITH
RELATIVELY NEARBY OBJECTS WHERE DISTANCES CAN BE MEASURED DIRECTLY (E.G./ USING PARALLAX FOR STARS). THESE
NEARBY MEASUREMENTS ARE THEN USED TO CALIBRATE THE LUMINOSITIES OF STANDARD CANDLES LIKE CEPHEID VARIABLE STARS.
THESE CALIBRATED STANDARD CANDLES ARE THEN USED TO MEASURE DISTANCES TO GALAXIES IN OUR LOCAL GROUP AND
BEYOND. IN TURN, THESE MORE DISTANT GALAXIES CAN BE USED TO CALIBRATE THE LUMINOSITIES OF EVEN BRIGHTER STANDARD
CANDLES, LIKE Type la SUPERNOVAE, WHICH CAN BE OBSERVED AT COSMOLOGICAL DISTANCES. FINALLY/ THESE DISTANT
SUPERNOVAE, ALONG WITH OTHER COSMOLOGICAL PROBES, ALLOW US TO ESTABLISH THE REDSHIFT-DIST ANCE RELATIONSHIP
THAT UNDERPINS COSMOLOGICAL REDSHIFT TABLES, ENABLING US TO MEASURE THE MOST EXTREME DISTANCES IN THE UNIVERSE.

CHALLENGES AND LIMITATIONS

W/HILE COSMOLOGICAL REDSHIFT TABLES ARE IMMENSELY POWERFUL, THEY ARE NOT WITHOUT THEIR CHALLENGES AND
LIMITATIONS. UNDERSTANDING THESE CONSTRAINTS IS CRUCIAL FOR ACCURATE SCIENTIFIC INTERPRETATION AND FOR IDENTIFYING
AREAS WHERE FURTHER RESEARCH IS NEEDED.

SOME OF THE PRIMARY CHALLENGES INCLUDE:

® MEASUREMENT UNCERTAINTIES: MEASURING REDSHIFT FROM SPECTRA, WHILE PRECISE, CAN STILL HAVE SMALL
UNCERTAINTIES. THESE UNCERTAINTIES, THOUGH USUALLY MINOR FOR BRIGHT OBJECTS, CAN BE SIGNIFICANT FOR FAINT
OR DISTANT SOURCES.

e CoSMOLOGICAL PARAMETER DEGENERACIES: THE RELATIONSHIP BETWEEN REDSHIFT AND DISTANCE IS INFLUENCED BY
MULTIPLE COSMOLOGICAL PARAMETERS. |T CAN SOMETIMES BE DIFFICULT TO DISENTANGLE THE EFFECTS OF THESE
PARAMETERS, LEADING TO DEGENERACIES WHERE DIFFERENT COMBINATIONS OF PARAMETERS CAN PRODUCE SIMILAR
OBSERVATIONS.

o NoN-CoSMOLOGICAL REDSHIFTS: NOT ALL OBSERVED REDSHIFTS ARE COSMOLOGICAL. GRAVITATIONAL REDSHIFT (DUE
TO STRONG GRAVITATIONAL FIELDS) AND PECULIAR VELOCITIES (RANDOM MOTIONS OF GALAXIES WITHIN CLUSTERS DUE
TO LOCAL GRAVITATIONAL INTERACTIONS) CAN ALSO CONTRIBUTE TO THE OBSERVED REDSHIFT. DISTINGUISHING
BETWEEN THESE EFFECTS AND COSMOLOGICAL REDSHIFT IS ESSENTIAL.

e MoDEL DEPENDENCE: AS REPEATEDLY EMPHASIZED, THE ACCURACY OF DISTANCES AND AGES DERIVED FROM REDSHIFT
TABLES IS ENTIRELY DEPENDENT ON THE VALIDITY OF THE UNDERLYING COSMOLOGICAL MODEL. IF OUR UNDERSTANDING OF
THE UNIVERSE'S COMPOSITION OR EVOLUTION IS INCOMPLETE, OUR TABLES WILL REFLECT THAT.



THe EvoLVING NATURE oF CosMoLOGICAL MODELS

THE FIELD OF COSMOLOGY IS CONSTANTLY EVOLVING, WITH NEW OBSERVATIONS AND THEORETICAL INSIGHTS LEADING TO
REFINEMENTS IN OUR COSMOLOGICAL MODELS. THIS MEANS THAT COSMOLOGICAL REDSHIFT TABLES ARE NOT STATIC
DOCUMENTS BUT ARE SUBJECT TO UPDATES AS OUR UNDERSTANDING OF THE UNIVERSE IMPROVES. FOR INSTANCE, PRECISE
MEASUREMENTS OF THE COSMIC MICROW AVE BACKGROUND RADIATION BY MISSIONS LIKE PLANCK HAVE SIGNIFICANTLY
CONSTRAINED THE VALUES OF COSMOLOGICAL PARAMETERS, LEADING TO MORE ACCURATE AND RELIABLE REDSHIFT TABLES.

RESEARCHERS OFTEN USE UPDATED TABLES BASED ON THE LATEST CONSENSUS VALUES FOR COSMOLOGICAL PARAMETERS. THIS
CONTINUOUS REFINEMENT IS A HALLMARK OF SCIENTIFIC PROGRESS, ENSURING THAT OUR TOOLS FOR EXPLORING THE UNIVERSE
BECOME INCREASINGLY PRECISE AND INFORMATIVE.

THe FUTURE oF CoSMOLOGICAL REDSHIFT STUDIES

THE FUTURE OF COSMOLOGICAL REDSHIFT STUDIES IS INCREDIBLY BRIGHT, WITH ONGOING AND UPCOMING ASTRONOMICAL
SURVEYS POISED TO PROVIDE UNPRECEDENTED DATASETS. THESE SURVEYS, UTILIZING NEXT-GENERATION TELESCOPES AND
ADVANCED INSTRUMENTATION, WILL GENERATE MILLIONS, IF NOT BILLIONS, OF NEW REDSHIFT MEASUREMENTS, PUSHING THE
FRONTIERS OF OUR COSMIC UNDERSTANDING.

KEY AREAS OF FUTURE DEVELOPMENT INCLUDE:

o | ARGE-SCALE SPECTROSCOPIC SURVEYS: PROJECTS LIKE THE DARK ENERGY SPECTROSCOPIC INSTRUMENT (DESI) AND
THE EUCLID SPACE TELESCOPE ARE DESIGNED TO MEASURE THE REDSHIFTS OF VAST NUMBERS OF GALAXIES AND QUASARS
ACROSS ENORMOUS VOLUMES OF THE UNIVERSE. THESE SURVEYS WILL CREATE THE MOST DETAILED 3D MAPS OF THE
COSMOS EVER PRODUCED.

® |MPROVEMENTS IN REDSHIFT MEASUREMENT: NEW TECHNIQUES AND ALGORITHMS ARE BEING DEVELOPED TO MEASURE
REDSHIFTS MORE ACCURATELY AND EFFICIENTLY, ESPECIALLY FOR FAINT AND DISTANT OBJECTS. THIS INCLUDES
ADVANCEMENTS IN PHOTOMETRIC REDSHIFT ESTIMATION, WHICH INFERS REDSHIFT FROM BROAD-BAND FILTER PHOTOMETRY
RATHER THAN DETAILED SPECTROSCOPY.

® PROBING THE EPOCH OF REIONIZATION: FUTURE TELESCOPES WILL BE ABLE TO MEASURE REDSHIFTS FROM THE VERY
EARLY UNIVERSE, ALLOWING US TO STUDY THE “EPocH oF REIONIZATIONI” WHEN THE FIRST STARS AND GALAXIES
FORMED AND IONIZED THE NEUTRAL HYDROGEN IN THE UNIVERSE.

e TESTING FUNDAMENTAL PHYSICS: BY PRECISELY MAPPING THE DISTRIBUTION OF MATTER AND THE EXPANSION HISTORY
OF THE UNIVERSE, FUTURE REDSHIFT DATA WILL PROVIDE STRINGENT TESTS FOR THEORIES OF DARK MATTER, DARK
ENERGY, AND GRAVITY.

THESE ADVANCEMENTS WILL UNDOUBTEDLY LEAD TO THE CREATION OF EVEN MORE COMPREHENSIVE AND ACCURATE
COSMOLOGICAL REDSHIFT TABLES, FURTHER SOLIDIFYING THEIR ROLE AS FUNDAMENTAL TOOLS FOR UNLOCKING THE UNIVERSE'S
DEEPEST SECRETS. THE JOURNEY OF DISCOVERY, GUIDED BY THE HUMBLE YET PROFOUND CONCEPT OF REDSHIFT, CONTINUES.

FREQUENTLY ASkeD QUESTIONS

QI WHAT IS THE PRIMARY PURPOSE OF A COSMOLOGICAL REDSHIFT TABLEP

A: THE PRIMARY PURPOSE OF A COSMOLOGICAL REDSHIFT TABLE IS TO PROVIDE ASTRONOMERS WITH A QUICK AND ACCURATE
WAY TO DETERMINE KEY COSMOLOGICAL PARAMETERS, SUCH AS LOOKBACK TIME, COSMIC AGE, AND VARIOUS DISTANCE



MEASURES, FOR CELESTIAL OBJECTS BASED ON THEIR OBSERVED REDSHIFT. THIS SAVES RESEARCHERS THE COMPLEX
CALCULATIONS INVOLVED IN DERIVING THESE VALUES FROM SCRATCH FOR EACH OBSERVATION.

Q: How IS REDSHIFT MEASURED FOR COSMOLOGICAL PURPOSES?

A: COSMOLOGICAL REDSHIFT IS MEASURED BY ANALYZING THE SPECTRUM OF LIGHT FROM DISTANT CELESTIAL OBJECTS. SPECIFIC
PATTERNS OF SPECTRAL LINES, CORRESPONDING TO KNOWN ATOMIC TRANSITIONS, ARE OBSERVED TO BE SHIFTED TOW ARDS
LONGER, REDDER WAVELENGTHS COMPARED TO THEIR REST-FRAME VALUES. THE AMOUNT OF THIS SHIFT, QUANTIFIED AS /ZI,
DIRECTLY INDICATES THE EXTENT OF THE UNIVERSE'S EXPANSION SINCE THE LIGHT WAS EMITTED.

Q: WHAT IS THE DIFFERENCE BETWEEN COSMOLOGICAL REDSHIFT AND DOPPLER
REDSHIFT?

A: DOPPLER REDSHIFT IS CAUSED BY THE RELATIVE MOTION OF AN OBJECT THROUGH SPACE TOWARDS OR AWAY FROM AN
OBSERVER. COSMOLOGICAL REDSHIFT, ON THE OTHER HAND, IS CAUSED BY THE EXPANSION OF SPACETIME ITSELF. AS LIGHT
TRAVELS THROUGH AN EXPANDING UNIVERSE, ITS WAVELENGTHS ARE STRETCHED, LEADING TO A REDSHIFT THAT IS NOT DUE TO
THE OBJECTIS MOTION THROUGH SPACE, BUT RATHER THE STRETCHING OF SPACE.

Q: WHICH COSMOLOGICAL MODEL IS TYPICALLY USED TO GENERATE COSMOLOGICAL
REDSHIFT TABLES?

A: THE MOST COMMONLY USED COSMOLOGICAL MODEL FOR GENERATING REDSHIFT TABLES IS THE LAamMeDA-CDM (ACDM)
MODEL. THIS MODEL INCORPORATES COLD DARK MATTER (CDM) AND A COSMOLOGICAL CONSTANT (/) REPRESENTING DARK
ENERGY, WHICH IS CURRENTLY THE BEST FIT TO A WIDE RANGE OF COSMOLOGICAL OBSERVATIONS.

QI \WHY ARE THERE DIFFERENT DISTANCE MEASURES (COMOVING , LUMINOSITY, ANGULAR
DIAMETER) LISTED IN A COSMOLOGICAL REDSHIFT TABLEP

A: DIFFERENT DISTANCE MEASURES ARE USEFUL FOR DIFFERENT APPLICATIONS IN ASTRONOMY. COMOVING DISTANCE IS USEFUL
FOR MAPPING THE LARGE-SCALE STRUCTURE OF THE UNIVERSE, LUMINOSITY DISTANCE IS USED WHEN STUDYING OBJECTS OF
KNOWN INTRINSIC BRIGHTNESS LIKE SUPERNOVAE, AND ANGULAR DIAMETER DISTANCE IS USED WHEN STUDYING OBJECTS OF
KNOWN PHYSICAL SIZE.

Q: CAN COSMOLOGICAL REDSHIFT TABLES BE USED TO DETERMINE THE AGE OF THE
UNIVERSE?

A: YES, COSMOLOGICAL REDSHIFT TABLES ARE CRUCIAL FOR DETERMINING THE AGE OF THE UNIVERSE AT THE TIME LIGHT WAS
EMITTED FROM A PARTICULAR OBJECT (LOOKBACK TIME) AND THE TOTAL AGE OF THE UNIVERSE AT THAT REDSHIFT. THESE
VALUES ARE DERIVED FROM THE EXPANSION HISTORY OF THE UNIVERSE, WHICH IS DETERMINED BY THE COSMOLOGICAL MODEL.

QI \WHAT ARE SOME LIMITATIONS OF USING COSMOLOGICAL REDSHIFT TABLES?

A: LIMITATIONS INCLUDE THE DEPENDENCE ON THE ASSUMED COSMOLOGICAL MODEL, POTENTIAL MEASUREMENT UNCERTAINTIES IN
REDSHIFT, THE PRESENCE OF NON-COSMOLOGICAL REDSHIFTS (LIKE PECULIAR VELOCITIES), AND THE INHERENT DEGENERACIES
BETWEEN COSMOLOGICAL PARAMETERS.

Q: How WILL FUTURE ASTRONOMICAL SURVEYS IMPACT COSMOLOGICAL REDSHIFT



TABLES?

A: FUTURE LARGE-SCALE SPECTROSCOPIC SURVEYS WILL GENERATE VASTLY MORE REDSHIFT DATA, LEADING TO MORE PRECISE
MEASUREMENTS OF COSMOLOGICAL PARAMETERS. THIS WILL RESULT IN MORE ACCURATE AND COMPREHENSIVE COSMOLOGICAL
REDSHIFT TABLES, ENABLING DEEPER INSIGHTS INTO THE UNIVERSE'S COMPOSITION, EVOLUTION, AND FUNDAMENTAL PHYSICS.
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