COSMIC RAY PROTONS

THe CosMic RAY PrRoTONS: UNVEILING THE UNIVERSE'S ENERGETIC MESSENGERS

COSMIC RAY PROTONS ARE NOT JUST FASCINATING PARTICLES;, THEY ARE THE UNIVERSE'S TIRELESS MESSENGERS, CARRYING
TALES OF CATACLYSMIC EVENTS ACROSS UNIMAGINABLE DISTANCES. THESE HIGH-ENERGY SUBATOMIC PARTICLES, PRIMARILY
ATOMIC NUCLEI STRIPPED OF THEIR ELECTRONS, ARE A CONSTANT BOMBARDMENT FROM THE COSMOS. FROM THE EXPLOSIVE
DEATHS OF STARS TO THE ENERGETIC HEART OF ACTIVE GALAXIES, COSMIC RAY PROTONS OFFER US A UNIQUE WINDOW INTO
THE MOST VIOLENT AND ENERGETIC PHENOMENA IN THE UNIVERSE. UNDERSTANDING THEIR ORIGIN, COMPOSITION, AND
INTERACTIONS IS CRUCIAL FOR COMPREHENDING ASTROPHYSICS, PARTICLE PHYSICS, AND EVEN THE POTENTIAL HAZARDS THEY
POSE TO LIFE AND TECHNOLOGY. THIS ARTICLE WILL DELVE DEEP INTO THE WORLD OF COSMIC RAY PROTONS, EXPLORING WHERE
THEY COME FROM, HOW WE DETECT THEM, THEIR PROFOUND IMPACT ON EARTH AND SPACE, AND THE ONGOING MYSTERIES THAT
CONTINUE TO CAPTIVATE SCIENTISTS.
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THe ENIGMA ofF CosMic RAY ProToN ORIGINS

THE QUESTION OF WHERE COSMIC RAY PROTONS ORIGINATE HAS PUZZLED SCIENTISTS FOR DECADES, REPRESENTING ONE OF THE
MOST ENDURING MYSTERIES IN ASTROPHYSICS. W/HILE WE KNOW THEY ARE EXTREMELY ENERGETIC, THEIR PRECISE BIRTHPLACES
REMAIN A SUBJECT OF INTENSE RESEARCH AND DEBATE. THE SHEER POWER CARRIED BY THESE PARTICLES SUGGESTS ORIGINS FAR
MORE POTENT THAN ANYTHING WE CAN REPLICATE ON EARTH. WE'RE TALKING ABOUT ENERGIES MILLIONS, EVEN BILLIONS, OF
TIMES GREATER THAN WHAT PARTICLE ACCELERATORS CAN ACHIEVE.

STELLAR FURNACES AND SUPERNOVAE: THE USUAL SUSPECTS

For A LONG TIME, THE PREVAILING THEORY POINTED TO SUPERNOVAE — THE EXPLOSIVE DEATHS OF MASSIVE STARS — AS THE
PRIMARY ACCELERATORS OF COSMIC RAY PROTONS. WHEN A STAR MANY TIMES THE MASS OF OUR SUN EXHAUSTS ITS NUCLEAR
FUEL, IT COLLAPSES UNDER ITS OWN GRAVITY AND THEN VIOLENTLY REBOUNDS, BLASTING ITS OUTER LAYERS INTO SPACE.
THESE SHOCKWAVES ARE INCREDIBLY POWERFUL AND ARE THOUGHT TO EFFICIENTLY ACCELERATE CHARGED PARTICLES,
INCLUDING PROTONS, TO RELATIVISTIC SPEEDS. ANOTHER SIGNIFICANT SOURCE BELIEVED TO CONTRIBUTE TO THE COSMIC RAY
FLUX ARE THE ENERGETIC PROCESSES OCCURRING AROUND NEUTRON STARS AND BLACK HOLES, PARTICULARLY THOSE IN BINARY
SYSTEMS OR AT THE CENTERS OF ACTIVE GALAXIES.

BeYoND SUPERNOVAE: EXOTIC ACCELERATORS

HO\X/EVER, AS OUR OBSERVATIONAL CAPABILITIES HAVE IMPROVED AND WE'VE DETECTED COSMIC RAY PROTONS WITH ENERGIES
THAT STRETCH THE LIMITS OF WHAT SUPERNOVAE CAN EXPLAIN, NEW THEORIES HAVE EMERGED. ASTRONOMERS NOW BELIEVE
THAT MORE EXTREME ASTROPHYSICAL OBJECTS MIGHT BE AT PLAY. ACTIVE GALACTIC NUCLEI (AGN)/ THE SUPERMASSIVE
BLACK HOLES AT THE CENTERS OF DISTANT GALAXIES THAT ARE ACTIVELY FEEDING ON SURROUNDING MATTER, ARE PRIME
CANDIDATES. THE POWERFUL JETS OF PLASMA EJECTED FROM THESE AGN, TRAVELING AT NEAR LIGHT SPEED, COULD BE POTENT
ACCELERATORS. GAMMA-RAY BURSTS (GRBS), THE MOST LUMINOUS ELECTROMAGNETIC EVENTS KNOWN IN THE UNIVERSE, ARE



ALSO CONSIDERED POTENTIAL SOURCES FOR THE HIGHEST-ENERGY COSMIC RAY PROTONS. THESE BRIEF BUT INCREDIBLY INTENSE
FLASHES OF GAMMA RAYS ARE THOUGHT TO BE ASSOCIATED WITH THE COLLAPSE OF MASSIVE STARS OR THE MERGER OF
NEUTRON STARS.

ComposiTioN oF CosMic RAY PRoToONS

\W/HEN WE TALK ABOUT “COSMIC RAY PROTONS/” IT'S IMPORTANT TO UNDERSTAND THAT THIS TERM OFTEN ENCOMPASSES A
BROADER CATEGORY OF COSMIC RAYS, OF WHICH PROTONS ARE THE MOST ABUNDANT. THESE ENERGETIC PARTICLES ARE NOT
JUST A SINGLE TYPE OF ENTITY, THEY REPRESENT A DIVERSE COSMIC SOUP.

THe DOMINANCE OF PROTONS

BY FAR, THE MOST COMMON CONSTITUENT OF COSMIC RAYS, MAKING UP ABOUT 85-909% OF THEM, ARE INDEED PROTONS.
THESE ARE SIMPLY HYDROGEN NUCLEI. THEIR PREVALENCE IS DIRECTLY LINKED TO THE ABUNDANCE OF HYDROGEN IN THE UNIVERSE,
WHICH IS THE MOST COMMON ELEMENT. SO, WHEN THESE ENERGETIC PARTICLES ARE EJECTED FROM THEIR COSMIC ACCELERATORS,
THEY ARE PREDOMINANTLY THE SIMPLEST BUILDING BLOCK OF MATTER.

BeyonDp ProToNs: OTHER NUCLEI AND PARTICLES

W/HILE PROTONS TAKE CENTER STAGE, COSMIC RAYS ALSO INCLUDE OTHER ATOMIC NUCLEI. HeLium NUCLEI, WHICH ARE ALPHA
PARTICLES, CONSTITUTE ABOUT 10-1 40/0 OF THE COSMIC RAY FLUX. BEYOND HELIUM, WE FIND TRACES OF HEAVIER ELEMENTS
LIKE OXYGEN, IRON, AND EVEN ELEMENTS AS HEAVY AS URANIUM, ALBEIT IN MUCH SMALLER PROPORTIONS. THESE HEAVIER NUCLEI
ARE ALSO ACCELERATED BY THE SAME ENERGETIC PROCESSES, THOUGH THEIR RELATIVE ABUNDANCE IN COSMIC RAYS DIFFERS
FROM THEIR ABUNDANCE IN THE UNIVERSE'S ELEMENTAL COMPOSITION, A FACT THAT PROVIDES CLUES ABOUT THE ACCELERATION
MECHANISMS THEMSELVES. ELECTRONS AND POSITRONS ALSO MAKE UP A SMALL FRACTION OF THE COSMIC RAY POPULATION.

DETECTING THE INVISIBLE: METHODS FOR STUDYING CosMic RAY PROTONS

BECAUSE COSMIC RAY PROTONS TRAVEL AT NEARLY THE SPEED OF LIGHT AND ORIGINATE FROM INCREDIBLY DISTANT AND
ENERGETIC EVENTS, DETECTING THEM PRESENTS A SIGNIFICANT CHALLENGE. THEY ARE INVISIBLE TO OUR EYES AND REQUIRE
SOPHISTICATED INSTRUMENTS TO OBSERVE THEIR FLEETING PASSAGE.

GROUND-BASED DeTECTORS: THE FIRST LINE OF DEFENSE

W/HEN A COSMIC RAY PROTON, OR FOR THAT MATTER, ANY COSMIC RAY, ENTERS EARTH'S ATMOSPHERE, IT DOESNIT_JUST
ARRIVE AS A SOLITARY PARTICLE. |NSTEAD/ IT COLLIDES WITH ATMOSPHERIC NUCLEI, SUCH AS NITROGEN AND OXYGEN,
TRIGGERING A CASCADE OF SECONDARY PARTICLES. THIS PHENOMENON IS KNOWN AS AN AIR SHOWER. SCIENTISTS HAVE BUILT
VAST ARRAYS OF DETECTORS ON THE GROUND TO CAPTURE THESE AIR SHOWERS. T HESE DETECTORS CAN INCLUDE
SCINTILLATORS THAT EMIT LIGHT WHEN PARTICLES PASS THROUGH THEM, CHERENKOV DETECTORS THAT DETECT LIGHT EMITTED
BY CHARGED PARTICLES MOVING FASTER THAN THE SPEED OF LIGHT IN THAT MEDIUM, AND MUON DETECTORS, AS MUONS ARE
OFTEN A SIGNIFICANT COMPONENT OF AIR SHOWERS. BY ANALYZING THE PATTERN AND ENERGY OF THESE SECONDARY PARTICLES,
SCIENTISTS CAN INFER THE PROPERTIES OF THE PRIMARY COSMIC RAY, INCLUDING ITS ENERGY AND COMPOSITION.



SPACE-BASED OBSERVATORIES: DIRECT MEASUREMENTS

TO GET A CLEARER PICTURE AND AVOID THE ATMOSPHERIC INTERFERENCE, SCIENTISTS ALSO SEND DETECTORS INTO SPACE.
SATELLITES AND SPACE PROBES EQUIPPED WITH SPECIALIZED INSTRUMENTS CAN DIRECTLY MEASURE COSMIC RAY PROTONS AND
OTHER PARTICLES BEFORE THEY INTERACT WITH OUR ATMOSPHERE. T HESE INSTRUMENTS OFTEN USE ADVANCED PARTICLE
DETECTORS, SUCH AS SILICON TRACKERS, CALORIMETERS, AND MAGNETIC SPECTROMETERS, TO PRECISELY MEASURE THE ENERGY,
CHARGE, AND MOMENTUM OF INCOMING COSMIC RAYS. ORBITING OBSERVATORIES LIKE THE ALPHA MAGNETIC SPECTROMETER
(AMS-02) oN THE INTERNATIONAL SPACE STATION HAVE PROVIDED UNPRECEDENTED DATA ON THE COMPOSITION AND ENERGY
SPECTRUM OF COSMIC RAYS, ALLOWING FOR MORE PRECISE TESTS OF THEORETICAL MODELS.

NeUTRINO OBSERVATORIES: AN INDIRECT CLUE

W/HILE NOT DIRECTLY DETECTING PROTONS, NEUTRINO OBSERVATORIES PLAY A CRUCIAL ROLE IN UNDERSTANDING THE MOST
ENERGETIC COSMIC RAY SOURCES. W/HEN EXTREMELY HIGH-ENERGY COSMIC RAY PROTONS COLLIDE WITH MATTER, THEY CAN
PRODUCE NEUTRINOS, ALMOST MASSLESS PARTICLES THAT INTERACT VERY WEAKLY WITH MATTER AND CAN TRAVEL ACROSS
THE UNIVERSE UNIMPEDED. BY DETECTING THESE COSMIC NEUTRINOS, SCIENTISTS CAN TRACE THEM BACK TO THEIR
ASTROPHYSICAL ORIGINS, INDIRECTLY SHEDDING LIGHT ON THE SOURCES OF THE MOST ENERGETIC COSMIC RAY PROTONS.

THe IMPACT oF CosMic RAY PROTONS

THE CONSTANT INFLUX OF COSMIC RAY PROTONS, WHILE OFTEN UNSEEN, HAS A PROFOUND AND MULTIFACETED IMPACT ON OUR
PLANET, OUR TECHNOLOGY, AND POTENTIALLY LIFE ITSELF.

CosMic RAYS AND EARTH'S ATMOSPHERE

THE INTERACTION OF COSMIC RAY PROTONS WITH EARTH'S ATMOSPHERE IS A CONTINUOUS PROCESS THAT INFLUENCES
ATMOSPHERIC CHEMISTRY AND PHYSICS. AS THESE HIGH-ENERGY PARTICLES COLLIDE WITH ATMOSPHERIC GASES, THEY CREATE A
SHOWER OF SECONDARY PARTICLES, INCLUDING MUONS, NEUTRONS, AND PIONS. THESE SECONDARY PARTICLES CAN IONIZE THE
ATMOSPHERE, INFLUENCING CLOUD FORMATION AND POTENTIALLY PLAYING A ROLE IN WEATHER PATTERNS, ALTHOUGH THE
EXTENT OF THIS INFLUENCE IS STILL A SUBJECT OF ACTIVE RESEARCH. THE RATE AT WHICH COSMIC RAYS BOMBARD EARTH IS
NOT CONSTANT, IT VARIES WITH SOLAR ACTIVITY. DURING PERIODS OF INTENSE SOLAR FLARES OR CORONAL MASS EJECTIONS,
THE SUN CAN EMIT ITS OWN PARTICLES THAT CAN TEMPORARILY SHIELD EARTH FROM SOME OF THE MORE ENERGETIC GALACTIC
COSMIC RAYS.

IMPACT ON ELECTRONICS AND TECHNOLOGY

THIS IS WHERE COSMIC RAY PROTONS CAN BECOME A REAL NUISANCE. FOR OUR EVER-INCREASING RELIANCE ON ELECTRONIC
DEVICES, ESPECIALLY IN SENSITIVE APPLICATIONS LIKE AVIATION, TELECOMMUNICATIONS, AND SPACE EXPLORATION, THESE
PARTICLES POSE A SIGNIFICANT THREAT. W/HEN A HIGH-ENERGY COSMIC RAY PROTON OR ITS SECONDARY PARTICLES STRIKE AN
ELECTRONIC CIRCUIT, THEY CAN CAUSE WHAT ARE KNOWN AS SINGLE-EVENT UPSETS (SEUS) THIS CAN LEAD TO BIT FLIPS IN
MEMORY, MOMENTARY MALFUNCTIONS, OR EVEN PERMANENT DAMAGE TO MICROCHIPS. THIS IS WHY SPACECRAFT ARE OFTEN
HARDENED AGAINST RADIATION, AND WHY AIRLINES TAKE MEASURES TO MONITOR AND MITIGATE THE RISKS OF RADIATION
EXPOSURE FOR FLIGHT CREWS AND FREQUENT FLYERS AT HIGH ALTITUDES WHERE ATMOSPHERIC SHIELDING IS LESS EFFECTIVE.



CosMic RAYs AND THE ORIGINS OF LIFE

|NTERESTINGLY, SOME THEORIES PROPOSE THAT COSMIC RAYS MIGHT HAVE PLAYED A ROLE IN THE VERY ORIGINS OF LIFE ON
EARTH. THE IONIZATION CAUSED BY COSMIC RAYS COULD HAVE PROVIDED THE ENERGY NEEDED FOR CERTAIN CHEMICAL
REACTIONS TO OCCUR IN THE EARLY EARTH'S ATMOSPHERE AND OCEANS, POTENTIALLY LEADING TO THE FORMATION OF
COMPLEX ORGANIC MOLECULES. WHILE SPECULATIVE, IT'S A FASCINATING THOUGHT THAT THESE ENERGETIC VISITORS FROM
SPACE MIGHT HAVE CONTRIBUTED TO THE PRIMORDIAL SOUP FROM WHICH LIFE AROSE.

CosMic RAY PROTONS AND SPACE EXPLORATION

FOR HUMANS VENTURING BEYOND EARTH'S PROTECTIVE ATMOSPHERE, COSMIC RAY PROTONS BECOME A SIGNIFICANT FACTOR TO
CONSIDER. THE CHALLENGES ARE TWOFOLD: PROTECTING ASTRONAUTS AND SAFEGUARDING SENSITIVE EQUIPMENT.

RADIATION EXPOSURE FOR ASTRONAUTS

OUTSIDE OF EARTH'S MAGNETOSPHERE AND ATMOSPHERE, ASTRONAUTS ARE EXPOSED TO MUCH HIGHER LEVELS OF COSMIC
RADIATION, INCLUDING COSMIC RAY PROTONS. PROLONGED EXPOSURE TO THESE HIGH-ENERGY PARTICLES CAN INCREASE THE RISK
OF VARIOUS HEALTH PROBLEMS, INCLUDING CANCER, CATARACTS, AND CENTRAL NERVOUS SYSTEM DAMAGE. DEVELOPING
EFFECTIVE RADIATION SHIELDING FOR SPACECRAFT AND HABITATS IS A MAJOR HURDLE FOR LONG-DURATION MISSIONS, SUCH AS
THOSE TO MARS. SCIENTISTS ARE EXPLORING VARIOUS MATERIALS AND STRATEGIES, FROM LIGHTWEIGHT COMPOSITES TO THE
USE OF WATER OR EVEN THE SPACECRAFT'S OWN WASTE AS SHIELDING.

PROTECTING SPACECRAFT AND EQUIPMENT

JUST AS ELECTRONICS ON EARTH CAN BE AFFECTED, THE SOPHISTICATED INSTRUMENTS AND SYSTEMS ON SPACECRAFT ARE ALSO
VULNERABLE TO COSMIC RAY PROTONS. THESE PARTICLES CAN DISRUPT COMMUNICATION, DAMAGE SOLAR PANELS, AND
CORRUPT DATA. ENGINEERS DESIGN SPACECRAFT WITH RADIATION-HARDENED COMPONENTS AND IMPLEMENT ERROR DETECTION
AND CORRECTION MECHANISMS TO MITIGATE THESE RISKS. THE MORE WE EXPLORE DEEPER INTO SPACE, THE MORE CRITICAL IT
BECOMES TO UNDERSTAND AND COUNTER THE EFFECTS OF COSMIC RAY PROTONS.

ONGOING MYSTERIES AND FUTURE RESEARCH

DESPITE SIGNIFICANT ADVANCES, THE STUDY OF COSMIC RAY PROTONS IS FAR FROM COMPLETE. THERE ARE STILL PROFOUND
MYSTERIES THAT CONTINUE TO DRIVE SCIENTIFIC INQUIRY.

THe HiGHEST ENerGIES: THE Cosmic RAY GZK CuToFF

ONE OF THE MOST INTRIGUING PUZZLES IS THE ORIGIN OF THE MOST ENERGETIC COSMIC RAY PROTONS, THOSE EXCEEDING
ENERGIES OF AROUND $5 \TiMEs 107{19}$ £V. ACCORDING TO THEORETICAL PREDICTIONS, THESE EXTREMELY ENERGETIC
PARTICLES SHOULD LOSE ENERGY AS THEY TRAVEL THROUGH SPACE BY INTERACTING WITH THE COSMIC MICROW AVE
BACKGROUND RADIATION, A PHENOMENON KNOWN AS THE GZK CUTOFF. THIS INTERACTION IMPLIES THAT THE SOURCES OF THESE
ULTRA-HIGH-ENERGY COSMIC RAYS MUST BE RELATIVELY NEARBY. HOWEVER, PINPOINTING THESE SOURCES HAS BEEN INCREDIBLY
CHALLENGING, LEADING TO ONGOING DEBATES ABOUT WHETHER OUR CURRENT UNDERSTANDING OF ASTROPHYSICS IS COMPLETE
OR IF THERE ARE EVEN MORE EXOTIC PARTICLE ACCELERATION MECHANISMS AT PLAY.



THE ACCELERATION MECHANISMS: A DETAILED UNDERSTANDING

W/HILE WE HAVE IDENTIFIED POTENTIAL SOURCES, THE PRECISE PHYSICAL PROCESSES THAT ACCELERATE PARTICLES TO SUCH
COLOSSAL ENERGIES REMAIN AN ACTIVE AREA OF RESEARCH. UNDERSTANDING THE EFFICIENCY OF DIFFERENT ASTROPHYSICAL
ENVIRONMENTS, SUCH AS SHOCK WAVES IN SUPERNOVA REMNANTS, MAGNETIC RECONNECTION IN AGN JETS, OR THE DYNAMICS
OF PULSAR WIND NEBULAE, IS CRUCIAL. FUTURE EXPERIMENTS AND OBSERVATIONS AIM TO PROVIDE MORE DETAILED DATA ON THE
COMPOSITION, ENERGY SPECTRUM, AND ARRIVAL DIRECTIONS OF COSMIC RAYS TO HELP UNRAVEL THESE COMPLEX ACCELERATION
MECHANISMS.

THe RoLE oF MAGNETIC FIELDS

THE JOURNEY OF A CHARGED PARTICLE LIKE A COSMIC RAY PROTON THROUGH SPACE IS HEAVILY INFLUENCED BY MAGNETIC
FIELDS. GALACTIC MAGNETIC FIELDS, INTERSTELLAR MAGNETIC FIELDS, AND THE MAGNETIC FIELDS OF CELESTIAL OBJECTS ALL
PLAY A ROLE IN DEFLECTING, GUIDING, AND POTENTIALLY ACCELERATING THESE PARTICLES. (UNDERSTANDING THE STRUCTURE AND
STRENGTH OF THESE MAGNETIC FIELDS ACROSS DIFFERENT COSMIC ENVIRONMENTS IS KEY TO INTERPRETING THE SIGNALS WE
RECEIVE FROM COSMIC RAYS AND TRACING THEM BACK TO THEIR ORIGINS.

FUTURE OBSERVATORIES AND EXPERIMENTS

THE QUEST TO UNDERSTAND COSMIC RAY PROTONS CONTINUES WITH THE DEVELOPMENT OF NEXT-GENERATION OBSERVATORIES.
PROJECTS LIKE THE SQUARE KILOMETRE ARRAY (SKA) WILL HAVE UNPRECEDENTED SENSITIVITY TO DETECT RADIO EMISSIONS
FROM COSMIC RAY INTERACTIONS, AND ADVANCED SPACE-BASED OBSERVATORIES ARE BEING PLANNED TO EXTEND OUR REACH
INTO HIGHER ENERGY REGIMES. THESE FUTURE INSTRUMENTS PROMISE TO UNLOCK NEW INSIGHTS INTO THE MOST EXTREME
PHENOMENA IN THE UNIVERSE AND THE ENERGETIC PARTICLES THAT CARRY THEIR STORIES TO US.

FAQ

Q: WHAT EXACTLY ARE COSMIC RAY PROTONS?

A: COSMIC RAY PROTONS ARE HIGH-ENERGY SUBATOMIC PARTICLES, PRIMARILY ATOMIC NUCLEI STRIPPED OF THEIR ELECTRONS.
THEY ARE ESSENTIALLY THE NUCLEI OF HYDROGEN ATOMS THAT HAVE BEEN ACCELERATED TO INCREDIBLY HIGH SPEEDS, OFTEN
NEAR THE SPEED OF LIGHT, BY VIOLENT ASTROPHYSICAL EVENTS.

Q: WHERE DO COSMIC RAY PROTONS COME FROM?

A: THE ORIGINS OF COSMIC RAY PROTONS ARE DIVERSE AND STILL AN ACTIVE AREA OF RESEARCH. PRIMARY SOURCES ARE
BELIEVED TO INCLUDE SUPERNOVAE (THE EXPLOSIVE DEATHS OF MASSIVE STARS)/ ACTIVE GALACTIC NUCLEI (SUPERMASSIVE
BLACK HOLES AT THE CENTERS OF GALAXIES), NEUTRON STARS, BLACK HOLES, AND POTENTIALLY GAMMA-RAY BURSTS.

Q: How ARE COSMIC RAY PROTONS DETECTED?

A: COSMIC RAY PROTONS ARE DETECTED INDIRECTLY THROUGH THE “AIR SHOWERS"” THEY CREATE WHEN THEY COLLIDE WITH
EARTH'S ATMOSPHERE, USING GROUND-BASED DETECTOR ARRAYS. THEY ARE ALSO DETECTED DIRECTLY BY SPECIALIZED
INSTRUMENTS ON SATELLITES AND SPACE PROBES THAT CAN MEASURE THEIR ENERGY AND COMPOSITION BEFORE THEY INTERACT
WITH THE ATMOSPHERE.



Q: ARE COSMIC RAY PROTONS DANGEROUS TO HUMANS?

A: COSMIC RAY PROTONS CAN BE DANGEROUS, ESPECIALLY DURING LONG-DURATION SPACE MISSIONS WHERE ASTRONAUTS ARE
EXPOSED TO HIGHER LEVELS OF RADIATION OUTSIDE EARTH'S PROTECTIVE ATMOSPHERE. PROLONGED EXPOSURE CAN INCREASE
THE RISK OF HEALTH ISSUES LIKE CANCER AND CATARACTS. ON EARTH, THE ATMOSPHERE PROVIDES SIGNIFICANT SHIELDING.

Q: Do COSMIC RAY PROTONS AFFECT OUR TECHNOLOGY?

A: YES, COSMIC RAY PROTONS CAN DISRUPT ELECTRONIC DEVICES. W/HEN THEY STRIKE SENSITIVE COMPONENTS, THEY CAN
CAUSE "“SINGLE-EVENT UPSETS” (SEUS), LEADING TO DATA CORRUPTION, TEMPORARY MALFUNCTIONS, OR EVEN PERMANENT
DAMAGE, PARTICULARLY IN SATELLITES, AIRCRAFT, AND HIGH-ALTITUDE ELECTRONIC SYSTEMS.

Q: WHAT I1s THE GZK CUTOFF IN RELATION TO COSMIC RAY PROTONS?

A: THE GZK CUTOFF REFERS TO A THEORETICAL LIMIT ON THE ENERGY OF COSMIC RAY PROTONS THAT CAN TRAVEL
COSMOLOGICAL DISTANCES. |T'S PREDICTED THAT ULTRA-HIGH-ENERGY PROTONS INTERACT WITH THE COSMIC MICROW AVE
BACKGROUND RADIATION, LOSING ENERGY AND THUS LIMITING HOW FAR THEY CAN TRAVEL FROM THEIR SOURCES.

Q: ARE ALL COSMIC RAYS PROTONS?

A: NO, WHILE PROTONS ARE THE MOST ABUNDANT COMPONENT (ABOUT 85-909%), COSMIC RAYS ALSO INCLUDE OTHER
ATOMIC NUCLEI LIKE HELIUM (ABOUT 10-149,), AS WELL AS SMALLER AMOUNTS OF HEAVIER ELEMENTS AND ELECTRONS.

Q: \WHY ARE SCIENTISTS SO INTERESTED IN STUDYING COSMIC RAY PROTONS?

A: STUDYING COSMIC RAY PROTONS PROVIDES INVALUABLE INSIGHTS INTO SOME OF THE MOST ENERGETIC AND VIOLENT
PHENOMENA IN THE UNIVERSE, HELPS US UNDERSTAND FUNDAMENTAL PHYSICS AT EXTREMELY HIGH ENERGIES, AND IS CRUCIAL FOR
ENSURING THE SAFETY OF SPACE EXPLORATION AND CRITICAL TECHNOLOGIES.
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