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fromthefundamental law, inversesquares.

Soperhaps inthe lastanalysis thehappy

combinationofingenuityoftheinventorand

regulardisciplineof thepurescientistwill

in theendprevailmostefficientlytothe

advancementwithbattlewhichwehavewith

terrible complexitywe find in thisgreat

subjeCt.

NowlwillshuttalkingmynOnsenseand

willcalluponthefirstspeaker,Prof. Rossi

whowill addressonthe subject of this

problem.

morethanthestatementof thecontentsof

equation. However, he gets success by
manipulatingsolutioneventhoughhehas
notobtainedthismathematicallybutexperi-

mentallyandbecauseheknowsthisisso,

that isso,byjoiningthesetogetherhecan

getsomethingelsewhichisso. Asamatter
of fact, even according tomathematical

physics,Kepler'slaw, forexample,youcan

manipulateKepler's lawandthedifferent

lawtogetotherconclusionwithout, even

thoughithasnotbeenable to trace them

111"8"3. LectureonFutureProspect

B.Rossl

Dept.QfP"sics,MIT,MMuss.,U.S・A

Mr.Chairman, ladiesandgentlemen・ If and theyare evenmore stimulatingand

welookbackto thehistoryofcosmic-raymoreexcitingthantheoldproblems, but

research,weseethat,fromtheoutset, the here cosmic-rayphysicists cannolonger

interestofcosmic-rayphysicistshasrangedworkintheconditionofrelativeisolationin

all thewayfromthesmallestobjectsknownwhichtheyusedtowOrkinthepast. Now

tomantothelargest-fromtheatomandthe thecosmic-rayphysicistsmustworkhand

sub-atomicparticlesatoneextreme tothe inhandwithgeophysicists,withastrophy-

galaxiesandthewholeuniverseattheother･ sicists,withplasmaphysicists,withphysicists

Now,betweentheatomanduniverse lies specializedinhigh-energyaccelerators, and

thewholeofourphysicalworld. Andyet, soon・ Indeed,manyofusfinditnecessary

untilrecently,cosmic-rayphysicshadmanag- tostretchthemeaningofcosmic-rayphysics

edsomehowtoconserveits individual iden- inorderthatwemaycontinuetocall our-

tity, distinct fromall other branchesof selvescosmic-rayphysicists.

physics.Therewereproblemsthatbelonged lntheyearstocome,itseemsthatcosmic-

unequivocallyandexclusivelytocosmic-ray rayphysicistswill findtheirmostimportant

physics・ Foremostamongthemwere the problemsintwofields:thefieldofhigh-energy

problemsofdiscoveringthenatureofprimary interactions,and the fieldwhich, forlack

cosmicrays,and theproblemofexplaining ofabettername,Iwouldliketocallthe

thegeneticrelationshipbetweenthevarious physicsofspace. Bythislmeanthestudy

componentsofthesecondaryradiationfound ofthespacebetweenplanetsofour solar

intheatmosphere.Also therewasatime system; the space between stars of our

whenthewhole6eldofmesonphysicswas Galaxy; thespacebetweenthegalaxiesof

theexclusivedomainofcosmic-rayphysicists; ouruniverse.

andtherewasa time, a fewyears later, Prof・ Powellwilldiscusstheimplications

whenthestudyofthestrangeparticlesbe- ofcosmic-raystudies inthe fieldofhigh-

longedexclusivelytocosmic-rayphysicists. energyinteractions. Iwouldlike just to
Now,however,weare facedwithanen- touchuponsomeof the problemswhich

tirelydifferentsituation. Mostof thepro- cosmic-rayphysicistswillmeet in.thefield
blems towhichthe cosmic-rayphysicists ofspacephysics・ Thetwofields-physicsof

appliedthemselves in thepasthavebeen spaceandhigh-energy interactions-havea

solved・Otherproblems,ofcourse,havearisen certainareaofoverlap'andthemostimpor-
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tant itemfoundinthisareaisthestudyof

airshowers. Moreover, thereare important

areasofoverlapbetweenthephysicsofspace

andthephysicsoftheobjectsfoundinspace:

planets,stars,galaxies,andsoon. Forex-

ample themagnetospheremaybeproperly

regardedasaregionof transitionbetween

theearthandspaceoutsideofearth. Simi-

1arlythestellaratmospheremayberegarded

asaregionof transitionbetweenthestars

andsurroundingspaceandsodoesthestudy

of the envelopeof supernovae・ And the

galaxiesperhapsmergewith intergalactic

spacethroughthehalos.

DuringthecourseofthisConference,we

havelearnedagreatmanyexceedingly in-

terestingresultspertainingtothephysicsof

space.Asusualytheseresultshaveopened

manymoreproblemsthantheyhavesettled,

andlwouldliketotouchuponsomeofthese

unsettledproblems. Letmemakeclearonce

more,however,thatmostoftheseproblems

donOtbelongto thecosmic-rayphysicists

alone,but are sharedby amuchwider

groupsofscientists. Letmestartwith the

interplanetaryspace,includingtheboundary

regionsof the solar atmosphere and the

earth'smagnetosphere・ Thegeneralpicture

of thesituationprevailing inthis region,

whichhasdevelopedduringthelastdecade,

iswellknowntoallofyou. Youknowthat

ionizedplasmaHowsoutofthesun,perhaps

continuously, certainlyattimesofenhanced

solaractivity・ Thisplasmamovesthrough

interplanetary space carryingwith it the

magneticlinesof force.Uponarrivingon

themagnetosphere, itproducesallsortsof

geophysicaleffects.

Wehave learnedduringthisConference

thatplasmaprobesandmagnetometersa-

boardspace shipshavenowprovideddirect

evidencefortheexistenceofthisplasmaand

havemeasured itsapproximatedensity, its

approximatevelocityand the intensityof

magnetic field associatedwith it. Even

thoughtheresultsareofapreliminarychar-

acter, theyhaverevealedsomeunexpected

features・ Forexample,thereissomeevidence

thattheplasmamaybedividedintosharply

separatedregionsofentirelydifferent struc-

ture・ Itwill becertainlyamostexciting

taskforthenextseveralyearstofollowup

these preliminaryobservationswithmore

preciseandextensivemeasurements. The

detailedpictureofthemagnetohydrodynamic
conditionsof interplanetaryspacethatwill

emergefromtheseobservations,willbeof

greatvalueforunderstandingwhatgoeson

inthesolaratmosphere,andwhathappens
whentheinterplanetaryplasmastrikes the

magnetosphere・ Itwillalsofurnishtheneces-

saryexperimentalbasisforthedevelopment
ofthetheoryofaplasmainwhichcollisions

arenegligibleandwalleffectsinexistent.

Butotherlessdirectmethodsforthestudv

of the interplanetaryplasmawill continue

toplayan important role・ AsProf・Bier-

mannhaspointedout,thecometsarenatural

plasmaprobes. Theobservationattheirtails,
whichgavethefirst indicationfortheexist-

enceofa$fsolarwind'',maybeexpectedto
furnishfurtheressential informationonthe

plasmaHowinthedistantregionsof space

thatoursatellitesorspacemaynotbeable
toreachinnextfewvears.

The interplanetaryplasma is intimately

relatedwiththeinterplanetarymagneticfield.
This fieldaffectsboththecosmic radiation

thatentersthesolarsystemfromtheoutside,

andthehigh-energyparticlesthatareoften

emittedbythesunatthetimeofsolaraares.

Tomanyofus, ithasbeenasourceof

greatwonder to learnhowmuchdetailed

informationofthestructureofthe interplan-
etarymagnetic fieldcanbeobtainedbyan

intelligentanalysisofthedataonsolarpar-

ticles;datarelatingtothe locationonthe

solardiskof theHarewheretheparticles

originate,relatingtothetransittimeofthe

particlestotheearth, relatingtotheirdirec-

tionsatarrival,relatingtotheirstOragetime

inoursurroundingspace, andsoon. Simi-

larly, itnowappears that themodulation

effectsofthe interplanetary fieldonextra-

solarcosmicrayswillsoonbeunderstoodin

somedetail.Thereisnoquestionthat the

continuedobservationofsolarparticlesand

thecontinuedstudyofthemodulationeffects

willgivefurtherresultsofvital importance

in theyears tocome. Indeed, thereare

certainfeaturesof the interplanetaryfield

whichcanbestudiedmoreeffectivelyby

meansoftheseindirectmethodsofinvestiga-

tionthanbydirectmeasurementswithspace

ships.Forexample,thequestionastowhether

therearemagneticfieldlinesconnectingthe
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suntotheearthcanbeansweredmoreread-

ilybystudyingthepropagationof solar-

Hare particles than bymaking detailed

measurementsof themagnetic field inin-

terplanetaryspace.

Comingcloser totheearth,wefindmag-

netosphere・ Theproblemsrelatingtothe

magnetosphereare somanyand ofsuch

bewilderingcomplexitythathere l hardly

daretotouchuponthem.

Clearly, the studyof the radiationbelt

willcontinuetoholdacentralposition. Even

thoughthere isreasontobelieve thatthe

high-energyprotonsobserved inthe inner

beltarise fromthedecayofneutronsfrom

thecosmic-rayalbedo, theoriginofthere-

mainingparticles,andparticularlyof those
foundintheouterbelt isstillanopenques-

tion.DuringthisConferencewehavelearned

aboutvariouspiecesofevidencepointingto

alocalaccelerationofparticlesbyhydromag-

neticdisturbancesproducedinthemagneto-

spherebythe impact of theplasmaflow
frominterplanetaryspace. Iamsurethat

thisquestionwill be thesubjectofmany

experimental and theoretical investigations
inthevearstocome.

Amongthemanyotherproblems,letme

mentionjustone, thatof theringcurrent,
whose initiationorwhosechangesareheld

responsibleforthemainphaseofthemag-
neticstorms・ Twoexperimentalmethodsof

attackarepossiblehere. One isbasedon

measurementsofthemagnetic fieldcarried

outwithsatellitesorspaceships,atdistances

ofseveralearthradii,wherethesecurrentsare

supposedtobelocated.Onlypreliminaryre-
sultsareavailablefromexperimentsofthis

kind・ DuringtheMoscowConferencetwo

yearsagoandagainduringthisConference
weheardreportsindicatingtheexistenceof
certainanomalies in the earth'smagnetic

6eld;suchasmaybeproducedbyaringcur-
rentcenteredatafewearthradii・ Itisquite

clearthatmoreaccuratemeasurementsand

morefrequentobservationswillberequired
tosolve thisproblem・ Theothermethod
isbasedonthedirect observationof the

charrdparticleswhosemotionisresponsible
forthecurrent. Tomyknowledgenoat-

tempthasbeendoneasyetalongthis line.
Thedevelopmentofthesuitableinstrumenta-

tionand theexecutionof theappropriate

measurementswillbeoneoftheimportant

tasksof spaceexploratiOn intheyearsto

coIne・ Letmenowturnfrominterplanetary

spacetothespacebeyond:thespacebetween

thestarsofourGalaxyandthespacebe-

tweenthegalaxies.

Galacticspace,likeinterplanetaryspace,is

supposedtocontainmovingionizedplasma

andmagnetic fields. Possiblyintergalactic

space, too, containsaplasmamuchmore

dilutedthanthatfoundintheGalaxy.Most

likely,magneticiieldarealsopresentinthat

reglon.

Inall likelihood, cosmicrayparticlesarise
fromlocalizedsourcessuchassolarHares

andsupernovae.Theythendiffusethrough

thegalacticspace,beingtemporarilytrapped

withinthisspacebythegalacticmagnetic

field, until theyeventuallyescape intoin-

tergalactic space. Occasionally, particles

fromintergalacticspacemayenterourown

Galaxy・ Howmuchoftheenergyofcosmic-

rayparticlesobservedontheearthisgiven

totheparticlesatthesource,andhowmuch

isgainedbytheparticlesintheirsubsequent

wanderingthroughspace,is stillanopen

question. Inanycase,itisquiteclearthat

thestudyofcosmicraysispotentiallycapa-

bleof providing informationbothonthe

conditionsprevailinginthelocalizedregions

ofspacewherecosmic-rayparticlesoriginate,

aswellasonthewholeofthegalacticand

extragalacticspacethroughwhichtheparti-

cleshavetravelledontheirwayfromthe
sourcetotheearth.

Amongthenewresults reportedat this

Conference,twoofthemoststimulatingwere

thediscoveryofelectronsandtheprobable

discoveryofphotonsintheprimarycosmic-

ravHux. Thereisnodoubt that these

preliminaryobservationsrepresent just the

beginningofanactivefieldofresearchdes-

tinedtoyieldimportantresultsintheyears
tocome.

Concerning first theelectrons, I hardly

needtoremindyou that thepresenceof

high-energyelectronsinouterspacehadbeen

inferredfromtheradioemissionofGalaxy,

whichisascribedtosynchrotronradiationof

electronsspiralingalongfieldlines， Thedis-

coveryofelectronsintheprimaryradiation

nowcon6rmedthisview・ It isquiteclear

thatabetterknowledgeabouttheirintensity
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basedontheuseofsatellites. Thesecond

methodisbasedontheobservationofairshow-

ers. Ishallcomebacktoair-showerexperi-

mentslater・ Herelwouldliketosayafew

wordsabouttheresultsobtainedbysatelliteob-

servations. Preliminarvresultsofsuchob-

servations,whichhavebeenreportedatthis

meeting,seemtoindicatethepresenceofa

7'-rayfluxconsistentwiththatpredictedfrom

thenuclearcollisionsofcosmic-rayparticles

withinterstellarmatter.Ontheotherhand,

thefluxiscertainlvmuchsmallerthanthat

predicted by the steady-state cosmology,

undertheassumptionofacontinuouscrea-

tionofmatterandantimatter・Weall look

forwardwithgreatinteresttothemuchmore

preciseinformationsthatwillcomefromthe

continuationandextensionoftheseprelimi-

naryexperiments.

Themassspectrumoftheprimaryradia-

tion isanother subject thatwasdiscussed

extensivelvatthisConference・We learned

thatthetechniqueshavebeendevelopedto

suchahighdegreeofperfection thatone

cannowbeginto investigate indetail the

isotopiccompositionof cosmic-rays. This

investigationisofgreatimportancebecause

theisotopiccompositionreHectstheconditions

prevailingat theplacewherecosmic-rays

arecreatedaswellastheconditionsprevail-

ingintheregionsof space throughwhich

cosmic-ravs travel． Thus theresultswill

providedataofvital importanceontheori-

ginofcosmicraysaswellasontheamount

oftimetheyspendinvariousregionsatspace.

Letme come finally to the subject of

extensive air showers, which, as lmen-

tionedbefore, hOldsacentral position in

cosmicrayphysicsbecause itbelongsboth

tothephysicsofspaceandtothephysics

of high-energyinteractions. Here l shall

confinemy remarks to the first aspect.

The importanceof thestudyof extensive

airshowerarisesfromthefactthattheob-

servationofextensiveairshowersistheonly

methodthatenablesus todetectandstudy

cosmic-rayparticlesofthehighestenergies

(abovelO'5ev).Wehaveheardagreatdeal

aboutextensiveairshowersduringthisCon-

ference.Hereagaintheexperimentalmethods

havereachedahighdegreeofsophistication

andrefinement, and it isnowpossibleto

drawfromtheexperimental resultsmuch

andtheirenergyspectrumwillmakeitpos-

sibletointerprettheradioastronomicaldata

morepreciselyand touse thesedatafora

detailedstudyofthegalacticmagnetic6eld.

Thereisstillaquestionabouttheoriginof

theelectrons. It ispossiblethattheyarise

fromhigh-energynuclearcollisions, giving

risetocharged7T-mesonswhichthenundergo

冗一>似一>edecay. It isalsopossiblethatelec-

tronsmight be accelerated by the same

hydromagneticdisturbanceswhichareres-

ponsiblefortheaccelerationofprotonsand

heavynuclei intheprimarycosmicradiation.

Itwillbean important taskof cosmic-ray

physicists todistinguishbetweenthesetwo

hypotheses.Apossiblemethodofachieving

thisgoalhasbeendiscussedduringourCon-
ference・ Itisbaseduponthefactthat ifthe

electronsarisefromhigh-energynuclearinter-

actions,theyshouldbeabouthalfpositiveand

halfnegative. Ifontheotherhandtheelec-

tronsarisefromadirectaccelerationprocess,

thentheywillbepracticallyallnegative.

Turningnexttothephotons, theirpeculiar

interestarisesmainlyfromthefact, unlike

chargedparticles,photonstravelalonglines

straight・ ThustheHuxobservedinagiven

direction isproportional to the integrated

sourcestrengthalongthelineofsight. The

photons thatwerediscussedatthisConfer-

encehaveenergiesgreater thanabout lOO

Mev. Practically, theseariseonlyfromthe

decayof元｡~meSOnS (7ro→27); and7ro-mesons

ariseonlyfromhigh-energy interactionsor

fromannihilationprocessesofmatterand

antimatter・ Thusther-rayHuxincidentupon

theatmospherecarries informationconcern-

inghigh-energyinteractionsandannihilation

processes inouterspace・ Several possible

pointsourcesof7-rayhavebeendiscussed,

bothgalactic (e､9． theCrabnebula)andex-

tragalactic. Moreover, inaddition to the

pointsources, thereshouldbeabackground

of7-rays, duetonuclearcollisionsofcosmic-

rayparticleswithinterstellarmatter inour

Galaxy. This shouldbeconcentratedalong

thegalacticplane,perhapswithamaximum
inthedirectionofthecenter.

Themaindifficultyof 7-rayobservations

lies intheverylarge7-raybackgroundpro-

ducedbythe cosmic-rayparticles in the

atmosphere.Therearetwopossiblemethods

tosolvethisdiificulty. Thefirstmethod is
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nuclei amongthehigh-energyparticlesre-
sponsibleforextensiveairshowersisalsoa
problemwithimportantimplicationsconcern-

ingthemechanismofproductionandtheplace
oforiginofcosmicrays・ Forexample,fora
giventotalenergy,highlychargednucleican
becontainedintheGalaxymuchmoreeasily

thanprotons. Thus it isveryimportantto
knowwhetherthelargestobservedshowers

areinducedbyprotonsorbyheaviernuclei.

Finally, Iwould liketomentionbrieHy
somemost stimulating,althoughverypreli-

minary, resultsobtainedbyvariousgroups

representedatthisConference,whichseem
toindicateananisotropyinthedirections

ofarrival of certainselectedgroupsofair

showerprimaries.Thisisanotherquestion
whichundoubtedlywill bestudiedveryin-

tensivelyinthenearfuture. Iamafraidl
havealreadytalkedtoomuch,andlwould

liketostop・ However,Icannotpassover

theopportunitylhaveto joinmyvoiceto
thatofProf. Swanninexpressingthegrat-

itudethatallofusfeeltowardourJapanese

colleagues for theirwarmhospitalityand
theirextremekindness; andalsoinexpress-

ingouradmirationfor theabsolutelyout-
standingscientificcontributionthatJapanese

scientistsaremakingtotheprogressofcos-

mic-rayphysics.
This is fifth international conferenceon

cosmicraysthat lhaveattended.Againit
hasbeenamost stimulatingandmostre-

wardingexperience. Weall gobackwith
newknowledgeandnewideasfor future

work.Weallgobackwiththeheart-warm-

ingfeelingofhavingrenewedandstrength-
enedourtiesatfriendshipwithourcolleagues

fromallnationsoftheworld.

morede6niteandpreciseconclusions than

couldbedoneafewyearsago・ Ishall just

mentiontwopointsthatareofinterestwith

regard to theproblemof thephysics of
space・ The firstpointconcernsthehighest

observedenergyofcosmic-rayparticles・We

havelearnedduringthisConference, that

thelargestextensiveair showersthathave
beendetected required primary particles

withenergiesbeyond lO'9evandperhaps

approachinglO20ev. Aparticlecannotpos-
siblybeacceleratedtothisenormousener-

gy intheenvelopeof asupernova. AIso
it seems that ourwholeGalaxy, includ-

ingthehalo, isnot largeenoughfor this

purpose. Thusitbegins toappearlikely
thatpartof theobservedcosmicradiation

isofmetagalacticorigin. Thisconclusion

isstillofapreliminarynatureandpointsto

theneedoffurtherexperimentsdesignedto

extendthestudyoftheenergyspectrumto

stillhigherenergy.

Thesecondpoint concerns thenatureof

theparticles responsible forextensiveair
showers.AtourConference,differentgroups

discussedvariousmethodswhichmaybe

capableofdistinguishingbetweenextensive
airshowersproducedbyprotons, byheavy

nucleiandbyphotons・ Someofthesemeth-

odshavealreadybeentriedout inapre-

liminaryway,withencouragingresults・This

isaproblemonwhichundoubtedlyagreat
dealofworkwillbedoneinfutureyears.

Theresultstobeachievedbyitssolution

areofverygreatinterest. Ialreadypointed

outtheimportanceof 7-rayastronomyand
mentionedthepossibilitythatonemayap-

proachthestudyofextraterrestrial7-rayby
investigatingtheairshowersproducedby

them. Theseparationofprotonsandheavier




