
518 111-7-14,D.S.CHERNAvsKY,1．M.DREMIN,V.M.MAxIMENKoandS．A・SLAvATINsKY

0．1＜脇く0．3, thanwascomputed・ Thedif-

ferencemaybeduetodiagramofFi9. 1a,
whichisnottakenintoaccount.

Actually,accordingtoref.4) theZV古Ⅳinter-

actioncross-sectionduetoprocessesofFig.

1a-typecangiveabout30%ofthetotalone,

andtheirinelasticitycoefficientsarewithin

theintervalKb<0.3.

5.Fromtheabovecomparisonitis seen

that one-meson approximationwith both

the diagramof theFig.1aandthat of

Fig. 1bcanexplainmaincharacteristicpro-

pertiesof〃NinteractionatEL=300GeV.

Thecaseswithrelatively largevalues of

inelasticitycoe伍cient (0.4<Kb<0.8) findan

'explanation, aswell asexistenceof sym-

metricandasymmetricshowers・ Thus, itis

possiblethatmultimesonprocesses(so-called

head-oncollisions)donotcontributeveryes-

sentially to the〃Ninteractionat high

energleS.

Itshouldbestressedthatthepresentcon-

siderationcannotbeofhighaccuracy,but

it isanestimatingcharacter. Partlythisis

duetotheabsenceofexperimental dataon

元-NinteractionsforのL=10～20GeV.
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Thehighenergytheory is relatedtothe excellentworkshavebeenreportedatthis

theoriesinvariousfieldsandcoversthevast conference,seemtoindicatethatthereexist

domainof phenomena・ It isnotpossible, various types of collision・ The so-called

therefore, tomakeanover-allreviewofhigh @;doublemaximastars ''maybeconsidered

energytheory・ Hereweshall confineour- asoneOfthem・ Theyhavebeenanalyzed

selvestothetheoryofelementary interac- by theuseof, for instance, @$fire-ball''
tion,namelytothemultipleparticlecreationmodel・ Althoughsomeonemaybereluctant

innucleon-nucleonor inpion-nucleoncolli- torecognizethisphenomenonasrevealinga

slon． special kindof collision, thisphenomenon

Theexperimentsonjets, onwhichmany shouldnotbetreatedasasimplefluctuation.
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Anotherdistincttypeof collisioncanbe

seen, forexample, intheunusual jetob-

servedinabigemulsionchamberplacedon

Mt.Norikura').This jet containsavery

highenergy 7roLmesonbesides rather low

energy7ro-mesonsinonefamily.

Now,weshall trytoshowhowtodescribe

thesevariouscollisions. Thecollisionpro-

cesscanbe representedschematically ina

diagram(Fig. 1). Betweenthe interacting

one・ Theseassumptionsandapproximations.

shouldbefurtherinvestigatedfromthefield
theoreticpiontofview・ Nevertheless,under･

someapproximations thismethodseemsto,

giveauseful tooltoanalyzetheexperiments

inratherlowenergyregion, sayaboutlO''

eVor so・ Infact,Chernavskyandothers

showedthattheresultofone-pion-exchange

approximationisinfairlygoodaccordwith

theexperimentaldataof300GeV.Moreover,

thedoublemaximaphenomenamaybeex-

plainedbysuitablytakingtheangulardis-

tribution of secondary particles inpion-
nucleoncollision.

Inconnectionwiththeone-boson-exchange

model,onepointshouldbenoticed. Ifone

alsowantstotreatpion-nucleoncollisionin

asimilarmethod, the simple one-boson-

exchangemodelshouldbemodifiedandthe

knowledgeonthepion-pioncollisioncross-
sectionshouldbeused.Thus ifonewants

toconsistentlygofurther, thismodification

leadstoanotherclassofdiagrams(Fig. 2).

Thisdiagrammaybeusefulwhenwewant

totakeintoconsiderationthepion-nucleon,
kaon-nucleoninteractionsandothersimilar

effects. Diagramsof thisnaturewerealso

consideredbyZatsepin4) atthisconference.

Nextweproceedtothe fire-ballmodel.

The term @@fire-ball '' hasbeenused in

differentmeaning・ Here, $;fire-ballmodel ''

isused inthemeaningnotonlythat the

createdparticles canbedivided intotwo

groupsbut alsothat inthecentreofmass

systemofeachgrouptheangulardistribution

ofthesecondaryparticlesbelonging to the

groupis isotropic・ This featurewouldbe

explainedastheresultofinteractionamong

createdparticles,pion-pioninteractionasan

example. Duetothisinteraction, the $<hot

spot''whichisproducedat the instanceof
collisionwill be <(cooled'' down. This

■

Fig． 1

nucleons themomentumand energyare

exchangedtoeachother・ If thisexchange

processcanbeapproximatedbysingleboson

exchange, thiscollisionmaybeclassifiedas

peripheral.Moreover,iftheexchangedboson

canbefairlyrepresentedbyapion,thenwe

canuse thecharacteristicsofpion-nucleon

collisiontoanalyzethenucleon-nucleoncol-

lision. Althoughthistreatmentmaybecon-

sideredtobephenomenological, thisreduces
thecharacterofnucleon-nucleoncollisionto

thatofpion-nucleoncollision・ Dreminand

Chernavsky2) were the first toobtainthe

expressionforthecross-sectionofnucleon-

nucleoncollisionusingthismethod・ Salz-

manandSalzman3) extensivelyinvestigated

thismethodandappliedittoseveralcases.

Two papers byChernavsky and others,

submitted to thisconference,alsotreated

thismethod. Inthistreatment,theenergy-

momentumfour-vectorrepresentingtheex-

changedbosonisspace-like.Thusweneed
theoff-the-mass-shell collsioncrosssection

evenif theone-boson-exchangeapproxima-

tioncanactuallyrepresentanaspectofthe
characterofnucleon-nucleoncollision・ Usu-

ally,theoff-the-mass-shellpion-nucleoncross-

section is replacedbythephysical cross-

section・ This replacement has not been

provedvalid,althoughitmaybepractically

agoodapproximation・ Furtherassumption

shouldbemadeontheasymptoticbehaviour

of pion-nucleoncrosssection, inorder to

maketheasymptoticbehaviourofnucleon-

nucleoncross-sectionaphysicallyplausible

＝=○

Fig. 2.
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Inthis jeta元0-mesonemergeswithvery

highenergy, theenergybeingaboutlO'4eV,
incontrast to theother 7r0-mesonswhich

haveratherlowenergies・ Thus,theenergy

SpectrumofproducedJro-mesonshas, inthis

case,ashapequitedifferentfromtheusual
one.Thisfeatureseems toindicateanew

characteristics of extremely highenergy

event. Accordingto the interpretationof

Norikuragroup, thiseventmaybeunder-
stoodasfollows・ Bvthenuclearinteraction

oftheincidentparticlewithairnuclei an

excitedbaryonisproducedbesides the low

energypions,andthisexcitedbaryondecays

ormakesasecondarvnuclear interaction

andproduces a 7ro-meson. Because of its

short life-time, thisexcitedbaryonmaynot

beaknownhyperon. Rather, itmaybea

highlyexcitedstateofnucleon,whosenature

shouldbefurtherinvestigatedindetail.
ProfessorPeters'0) drewourattentionto

theroleofhyperon incosmicraypheno-

mena・ Indeed,hyperonsplayan important

role in cosmic ray phenomena and the

presenceofhyperonsincosmicrayparticles

affects the shapeof spectrumof various

quantities, suchasthesizespectrumofEAS

andtheenergyspectrumof 7-raysandthe

chargeexcessofcosmicrayparticles. How-

ever, totakeintoaccounttheeffectsofonly

knownhyperons isnot enoughtoexplain

quantitativelytheobserveddata,forinstance

thesteepnessof 7-rayenergyspectrumor

thepresenceofveryhighenergy 7ro-meson
mentionedbefore.

Thusweseethat,ontheonehand,hyper-

onsandotherstrangeparticlesplayanim-

portantrole inthecosmicrayphenomena

while, on theotherhand, thecosmicray

phenomenaseemtorevealtheyetunknown

character of veryhigh energy nuclear

interaction, further investigationofwhich

will leadtomoreprofoundunderstandingof

elementaryparticles.

AnOther tempting interpretationof the

unusual jetwasproposedbyHasegawa'') .

Heassumedtheexistenceofnewquantum

inthemultiple particlecreationprocess.

Accordingtohisidea,pionsarecreated in

manygroupsandeachgrouphasacharac-

teristicmass, themagnitudeofwhich is

abouttwicenucleonmass， Eachgroupmay

beconsidered toact asaquantuminthe

coolingprocessandthesubsequentexpansion

processofpiongashavebeendescribedin

termsofhydrodynamicalmodelwhichorigi-

natesfromLandau'swork.Manyattempts

tomodify theLandau theoryandmany

critical argumentsas to itsvalidityhave

beenmade.EmelyanovandRosental5)intro-

ducedtheeffectofviscosity intohydrody-

namical treatment and showed that the

dependenceof themultiplicityof created

particlesontheincident energycanchange

fromitsoriginalFermi-Landauvalue,Eo'/4,

towards theHeisenbergvalueEo'/2． The
introductionofviscositvtends tomakethe

energyequipartitionedespecially inthetop

regionof pion-gas flow, which fact is
favourabletotheformationoffire-ball.

More critical argument.against Fermi-

LandautheorvwasmadebvMilekhin6)who

showedthat theequationof stateofpion

gasmightbedifferentfromthatofidealHuid.

Namiki aaJ.7) proposed amethod to

evaluate themomentumspectrumof this

d@cooled''piongasbyapplyingthetheory

ofcondensationofBose-Einsteingas・ Their

resultshowsthat themomentumspectrum

ofpionhasapeaknear"c,"beingtherest

massofpion. This result agreesqualita-

tivelywith thecharacterof fire-ball and

withthewell establishedfact that trans-

versemomentaofsecondaryparticlesareof

theorderof"c.

Another interesting explanation of the

constancyof transversemomentawaspro-

posedbyWataghin8) atthisconference.He

introduced acut-off factor inmomentum

space, bettertosaya formfactor incolli-

sionmatrixelement,basingonhisnon-Iocal

theory・ To introducepion-pion interaction

usuallymakesthe fieldequationnon-linear.

Wehaveboththenon-local theoryandthe

non-lineartheory・ Atpresenttime,wecan
notanswerwhichtheorvismoresuitableto

explaintheexistingphenomena.
Astothemechanismofcreationof @@hot

spot'',asimplifiedmodelwasproposedby
DaiVasuandothers9).Butthismodelseems

tobeanover-simplification,andthevalidity

andusefulnessofthismodel arestillopen

toquestion.

Next,wewouldliketofocusourattention

to the unsual jet observedbyNorikura

emulsiongroup,whichwasmentionedbefore.
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productionstageofparticles･ Heanalvzed

thedatafromthispointofview.

Althoughthestatisticsisnot､richandhis

assumptionmaybe invalid,itwould be

certainthatsomenewapproaches likethis

wouldbenecessarytounderstandtheex-

tremelyhighenergyevent. Ifwecanob-

serveafairly largenumberof eventsof

suchnature, theywill provideusvaluable

informationonthecharacterof elementary

interactionandperhapsonthestructureof

elementaryparticles.
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Disc"ssio"

Yamaguchi,Y､: Accordingtoacceleratordata, thetotalcrosssectionfor 7r-IVand

ZVLZVcollisionsbecomeessentiallyconstantabove,say,afewGeV(kineticenergy).We
haveheardinthisconference,theinteractioncrosssectionofnuclearactiveparticle
collidingonanucleonmightbesomewhat larger thanthevaluesknownfrom

acceleratordata・ Inthisconnection,Iwouldliketodrawyourattentiontofamiliar

theoreticalargumentscenteredaroundthePomeranchuktheorem,andlhopethatin
nearfuturethispossiblediscrepancywouldbeclearedout・ It isnowconjectured
thatthetotalcross-sectionforcollisionof twostrongly interactingparticlewould
becomespin-and isospin-independentathighenergyregions, andantiparticle-
particletotalcross-sectionapproaches toparticle-particletotalcross sectionthere.
Herelwouldliketomakearatherambitiousstatement.

"thereco"〃0“"γsomesubstantial change inthetotalcross-sectionsathigher
energiesthanavailableacceleratorscanprovidenow, itwouldbeextremelytempting
toassertthatalltotalcrosssectionforstronglyinteractingparticlecollisionmight
beequalandindependentofanyquantumnumbers specifyingthe initialparticles
(baryonnumber,spin,isospin,strangeness,etc.). Inotice that7r-Nand歴Ⅳcross-

sectionarenotverydifferentaccordingtoCERNdata.

Peters,B､: Theevidenceforanincreaseofnuclearcross-sectionabove～1014eVis,

Ibelieve,alldependentonevidencethatathighenergytheprimaryenergyiscon-
vertedinto7r-mesonsmorequickly thanat lowerenergy. Thiscanbe, itseems,

explainedalsoifoneattributesa largerrole tocomplexnuclei. Thismeansthat

severalparallelnuclearcascadesmovetogether throughtheatmosphereandthis

leadstoalargerateofconversionofprimaryenergyintopionenergy.

Nishimura,J.: Asfarasweknow, inthediscussionontheEAS,Tokyoair-shower

grOup,M.I．T.peopleandothersagreethattheinteractionmeanfreepathis(100zt
10)g/cm2. Thisvalueisconsistentwiththeviewthatthe坪Ncrosssectionis40

mb・ SothecrosssectionremainsconstantuptolO'5eV～1017ev.

Yamaguchi: Thecrosssectionlaminterested in isfortheelementarycollision.
Whereas the interactionmean freepathderived fromthe extensiveair-shower

mightnotbefreefromsomeambiguities, because it requiressomemanipulations
basedonaspecificmodel.

0da,M.: IwishtocorrectDr・Yamaguchi'scomment・Thenuclearmeanfreepath
whichwe, air-showerpeople,measure isreal nuclearmeanfreepathfortheair

nucleus・ Ihopethisisclearenoughfromourexplanationof themeansofderiva-
tioninthesessionofEAS. Thatis,whatwecanmeasurewithEASisthecollision
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meanfreepathoftheprimaryparticleintheair・ Certainlythere isanambiguity

becauseofpossiblemixingofheavynuclei. However, except this, thevalue(100

10)g/cm2 isnotmuchaffectedbyotherambiguities, likeelasticitiesetc.

Fretter,W.B､: Excitednucleonswhichemit 7ro-mesonshavebeenobservedininter-

actionsofllGeVnegativepionsatCERN.Thestrucknucleonemergeswithlow

energy inthe laboratorysystemaccompaniedbyoneormore7-raysalsoof low

energycomingfromthedecayof 7ro-mesonsemittedbytheexcitedstrucknucleon.

Chargedpionsarealsosometimesobservedinasimilarway.This seemstobea.

fairlycommonprocess.
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H1‐7-16. TheRoleofHyperonsinExtensiveAirShowersand

OtherHighEnergyCosmicRayPhenomena
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Thedevelopmentand thestructuralfea- arerepresentedamongthehighenergybary-
turesofairshowersdependcriticallyonthe onsemergingfromthecollisionroughlyin

propertiesof strongly interactingparticles proportion to their respective statistical
intheenergyrangeaboveafewtimeslO''eV・ weights・ However,eveniftheshareofhy-
The largestavailableacceleratorsarenowperonsdoesnotincreaseasfastassuggested
approachingthisenergyregionsothatsome byevidencederivedfromthestudyofjets,
ofthemorerecent laboratoryresultsareap- theargumentswhichfollowremainvalid.

plicabletotheinterpretationof cosmicray lnhighenergy interactions inair, the
phenomenainairshowerswithoutmajorex- emerginghyperonhasachancetodecaybe-
trapolations. foreundergoinganuclear collision. The

ExperimentsconductedatCERNonthe decaypionreceivesafractionofthehyperon
multiplicityofKLmesonswithstrangeness energywhichdependsontheangleofemis-
S=+1andS=-1 ininteractionsproduced sionandaveragesl6%for4and20%forZ'-

by25GeVprotonsprovethatbetween0.2and hyperons.Theenergygoingtothissingle
0.6hyperonsmustbeproducedpercollision. delayedpionrepresents,therefore,amajor
Fromconsiderationsofsymmetryitfollows fractionoftheenergygiventothepioncom-

thattheparticlewhichcarries the largest ponentasawhole.
fractionoftheavailableenergyawayfrom Whentheenergyoftheemergingbaryon
theinteractionisin10%to30%ofthecases exceedsafewhundredGev,thedelayedpion

ahyperonratherthananucleon． carriesmoreenergythandirectlyproduced
Informationobtainedfromthestudyof pions. Thiseffectbecomesmoremarkedfor

highenergycosmicrayjetssuggestsstrong- highercollisionenergies,becausethelabora-
lythat thefractionof thesehyperons in- toryenergyofdirectlyproducedpionsin-
creasesfurtherwithenergy(approximately creasesessentiallyinproportiontothesquare-

asfastasthemultiplicityofothershower rootoftheenergyof the incidentparticle,

particles),andthat itprobablyamountstowhereas that of thedecaypionincreases
70%ataprimaryenergyoflO4GeV.This linearly.

would indicate thathyperonsandnucleons Theenergybandinwhichconditionsfor
~




