
II1-7-6,K.DAIYAsuetul492

andT.Yoneyama: Pro9． Theor. Phys. 25

(1960)670.

6) K.Niu: Proceedingsof theMoscowCosmic

RayConferecel(1959)234; INSJ-31,May13,

(1960); andthereportpresentedtothisconfer-
ence．

DisczJss"〃

Yamaguchi,Y､: Iwouldliketomakeatechnicalcomment. Sincetheterminology

of ;@fire-ball'' hasbeenextensivelyusedincosmicrayjets,Ithinktheuseoffire

ball inyourpaperisnotappropriate.

Mori,K､: Yes, themeaningoffireballmustbeclearlydefined.
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prot@nandaheaviernucleus.Wealsoknew
that, apart fromstatistical Huctuations, if

thereisanystructure inanucleon, theas-

sumptionof foreandaft symmetry,may

breakdowninindividualcollisions; andthat

onlyforastatisticallysignificantsamplecan

wefirmlyrelyuponatrueforwardandback-

wardsymmetry. So,wehavebeenonvery

uncertainground.

Wearenowbeginningtogetoutofthis

difficult situationthroughthe introduction

ofmorepowerfulmethods. Firstthereare

thepioneer experimentsmade inMoscow
withwhatiscalledtheionizationcalorimeter.

Thisapparatusallowstheobservationofthe

effectsofcollisionsof theprimaryprotons

with lightnuclei, lithiumandprotons,and
themeasurement of themomentumofthe

chargedsecondaryparticlesthusproducedin

anexpansionchamber・ Secondly,theenergy

oftheprimaryparticlemayalsobeestimated

fromthetotalreleaseofionizationinagreat

assemblyof leadandcounters, thecalori-

meter・ Thishasprovedtobeaveryimpor-

tantinstrument. Aswehaveheard, there-

sultsobtainedwith italreadydemonstrate

that, inproton-protoncollisions, thesecond-

aryparticlesarenotalwaysdistributedwith

foreandaftsymmetryintheC-system・ In

abouthalfof thecollisionsthereissucha

IwanttoattempttodescribeverybrieHy

someof themainfeaturesofhighenergy

nuclearinteractions, insofaraswehave

beenabletoelucidatetheminthediscussions

on<jets'duringthepastthreedays. Iflmake

amistake,somecolleaguesherewillbekind

enoughtocorrectme.

I believethatoneofthemost important

resultsofourdiscussionshasbeenthatwe

begintoseesubstantialprogressinthevery

difficultfieldofhighenergynuclearinterac-

tions. Foralongtimewehavebeenvery

unsureoftheenergyoftheprimaryparticles

whichproducethe interactionsweobserve

inour expansionchambersor emulsions.
Wehavebeenforcedtouseestimatesthat

weknewtoberatherunreliable， Inparti-

cular,wehavecommonlyassumedthat in

nucleon-nucleoncollisionsthereisaforward-

backwardsymmetryintheC-systemofthe

collision, sothatasmanyparticlesareemit-

tedforwardasbackward.Underthisassump-

tion,weestimatedthevelocityoftheC-sys-

tem,and thence theprimaryenergy・We

knewthisprocedurewasunreliableforsever-

alreasons; thenumberofsecondaryparticles

issmallandweobserveonlythecharged

andnottheneutralparticles;andweareof-

tendealingwithcollisionswhicharenotbe-

tween twonucleonsbutwhich involvea
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symmetry; inaboutaquarter, theparticles

tendtogoforward intheC-system,andin

aboutanequalnumbertheytendtogoback-

wards・ Thisisa･veryroughsummaryof

theposition;ProfessorDobrotinwillnodoubt

giveamoredetailedaccounttomorrow.

WehavesimilarinformationfromthelCEF

stack,wherewetakeadvantageofthefrag-

mentationofprimarypaTticlesoftheheavy

component.Whenheavynucleifragment in

emulsion, theyfrequentlygiverisetopencils

ofnucleonsandmorecomplexnucleiallmov-

ingwiththesame,orverynearlythesame,

velocity. Inastackof sufficient size,we

canseetheinteractionswhichtheseparticles

produce・ Ananalvsisofthosefavorablein-

teractionsoftheseparticlesofthesamevelo-

city, inwhichtheyappear tohavemade

peripheral collisions,maybeconsideredto-

gether. Theangular distributions of the

secondaryparticles fromsuchanassembly

ofeventsaresubjecttomuchsmallerstati-
stical Huctuation thanare the individual

events. Theresultsofsuchexperimentsalso

showus that theso-called(iCastagnolifor-

mula,''whichdetermines7coftheC-system,

inthewayl indicated,may lead・ustoes-

timates in individual caseswhichmavbe

veryseriouslyinerror・ Thevalueindicated

byapplicationoftheCastagnoliformulamay

befivetimesgreaterorsmallerthanthetrue

energy. Theextensionofthisworkwillbe

arduous; but importantbecausewecanrely

onit.Weareinaperiodwheresoundand

reliablemeasurementsareparticularlyvalu-
able.

Nowa second feature of our situation

whichseemstobegenerallyagreedbymost

observers, isthatthevaluesofthetransverse

momentumof thesecondaryparticles, the

componentofmomentumnormaltothedirec-

tionof theprimaryparticleproducingthe

disintegration, aredistributedwithapeak

atabout400MeV/c. Thereisa@tail' inthe

distributionwhichextendsupto2or3GeV/c,

butmostofthevaluesaregroupedaround

400MeV/c.

Thethirdfeatureisthatabout75%ofthe

secondary-particles are 7r-mesons, and the

othersmustbeattributedtobaryonsorto
KgmeSons.

Thefourthpoint isthat themultiplicity,

thenumberofsecondaryparticlescreatedin

nucleon-nucleoncollisiOns,variesratherslow-

lywiththeenergyEpoftheprimarypar-

ticles; something likeEp'/4. Similarlyfrom

theanalysisthathasbeenmade inthebig

stacksnowbecomingavailable, the indica-

tionsarethatwhenthesecondaryparticles,

mostly 7r-mesons, interactwithnuclei, the

numberofmesonscreatedalsovariesrather

sIowlywiththeenergyof the incidentpar-
ticle. Someauthorsclaimthat there isno

variationatall,andthatthenumbercreated

is independent of energy; some that the

variationissimilartothat for theprotons,

"is,E'/4. 1think,mostworkerswouldagree

thatwecannotyetreacha6naldecisionon

thispoint; butweoughttobeabletodoso

Inayearorso.

Fifthly, 11ewand importanttechnicalad-

vancesarebeingmade instudiesof the7

radiationintheatmosphere;andofthetotal

energyintheformofelectromagneticradia-

tionwhichresultsfromthenuclearinterac-

tions. The indicationsare that inproton-

protoncollisionsabout50%oftheenergyof

theprimarycanbeexpendedinthecreation

of secondaryparticles. Betweenabout lO

and15%oftheenergy iscommonlyinthe

formofneutral 7r-mesonswhichgiveriseto

7-rays･ Ifoneassumeschargeindependence,

thismeansthatabout40%oftheavailable

energygoes into the 7T-mesonscomponent

chargedandneutral.

Thesemeasurementswithr-rayshavebeen

reportedbytheJapanesegroup,andbysome
oftheworkersinBristol.Thevallowthe

spectrumofγ‐raysintheatmospheretobe

measured. Animportantpreliminaryresult

isthatitappearsthat.the7-radiationresult-

ingfromthehigh-energycollisionscanbe

dividedveryroughlyintotwogroups. Thus

theJapanesephysicistsconcludethat inthe

collisionsofprotonswithenergyabovelO'5eV

tolO'6eV, the7-rayscanbedividedroughly

into twogroups, a lowenergygroupand

highenergygroup.

It istemptingtoassumewithDr.Peters

that the lowenergygroupof 7-radiation

canbeattributedtowhathecallsthe !pioni-

zation'process, theevaporationofanexcited

mesoncloud,andthatthehighenergy7'-rays

canbeattributedtothedecayofexcited

baryons; somepossiblyfromtheknownhy-

perons, somefromexcitedbaryonsofvery
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radiationobservedandthespectrumofthe

"-meson component. Accordingtosome

preliminarycomparisonsmadehere,thereis

indeedasatisfactorydegreeof consistency

inthisrespect.

Theseseemtometobethemostimpor-

tantoneswhichhaveemergedfromthedis-

cussionatthejetsessions・ Perhapslmissed

somethingout. Butwhatl'vesaidmaypro-
videthebasisfordiscussions. I thinkthat

thereallyimportantthing isthatwebegin

togetresultsofsufficientprecisiontoallow

a serious comparison betweenalternative

theoriesofthesehighenergyprocesses.

short lifetimewhichdecaywithemissionof

r-raySOr7ro-meSOnS・ Thecentralpointhere
isthatwhereastheenergyavailableinthe

C-systemgoesupasroughlyEp'/2 in the

pionizationprocess,itisproportional tothe

energy inthecaseof 7roor7-rayscoming

awayfromexcitedbaryons.Another fea-

tureof interestwhichgivessomesupport

for thisresultistheobservedspectrumof

ther-radiation intheatmosphere. Ifwe
assume that itarises from7ro-mesons, and

that thepenetratingcomponent, "-mesons,

aresimilarlyproducedbythedecayofchar-

ged7r-mesons, thenthereshouldbeacertain
consistencybetweenthe spectrumof 7-ray

Disc"ss加犯

Yamaguchi,Y､: Iwould like toknowsomeexperimental informationson the
differenceinthegrossstructuresbetweennucleon-nucleoncollisionsandpion-nucleon
collisions. Ithinkyouhavesaidthatthemultiplicity inthepion-nucleoncollisions
seemstobeindependentofenergies， 1sitafairstatement？

Powell,C、F.: Idon'tknowthatwereallyshouldhaveanabsolutelyfirmopinion
aboutthatatthistime.As l think, I saidsomeauthorsassertthatifweconfine

ourselvestointeractionsofsecondary7r-mesonswiththemultiplicitygreaterthan7,

thenthemeanvaluechangesverylittleingoingfromlOGeVtoaboutlOOOGeV・ I
thinkthatthemeanvalueisoforderoftwelveandthereareveryfewexamples

withthemultiplicityabove20. Thisisthefirstpoint， Andwhereasinthecaseof
nucleon-nucleoncollisionsthereisanindicationthat theaveragesareconsiderably

higher thanthat. ProfessorFretter isbetterinformed thanlamonthispoint, I
don'tknowifhecaretocomment.

Fretter,W､B､: Themultiplicityofhighenergynuclear interactionsobservedin
emulsionorinairisprobablynotequaltothemultiplicity in interactionswithnu-
cleons・ Comparingthemultiplicityofpion-nucleoneventsobtainedatCERNat
16GeVandthemultiplicityof interactionsofsecondaryparticlesof jetsinthesame
energyrange,wenotethatthepion-nucleonmultiplicitiesare lowerbyafactor2.
Hencetheinterpretationofmultiplicitiesmeasured inemulsionmustbemadewith
greatcaution,becauseofthepossibilityofcascadesofnuclearinteractionintheair
oremulsionnuclei.

Yamaguchi: Iwouldliketoaskorpointoutthefollowingfeatures: if insome
highenergyregionsthereissomeparticularmodeofpionproductionordissociation
process-maybeit'smoreappropriatetocallit-,namelyifyouhave,forexample,
elasticordiffractionscatteringdue tonuclear interaction,orelasticCoulombscat-
tering, thenthegroundstatesofincomingparticlesmaybegentlyexcitedbythe
externalfield,therebythesegroundstatessuddenly jump.totheexcitedstatesand
thensplittosomenumberofpionsornucleonpluspions. Thiskindofprocessis
calleddiffractiondissociationsandlwould like toknow, if luckyenough,maybe

therearesomeexperimentalindicationforsuchrareprocesses.

Powell: Imayexpressopinion・ Itseemstomethatpreciselyforthereasonthat
Prof.Fretterhasindicated,namely,preciselybecauseofthepossibilityofsecondary
interactions-wearecommonlystrikingheaviernuclei;wearenotdealing,asinbub-
blechambers,withpurehydrogentargets-inmostcaseswewouldbeveryluckyto
getevidenceforsuchaprocess・ But,ofcourse, bearingrathercloselyonasimilar
pointwewillhearProf.Miesowicztomorrowonsomeoftheconclusionswhichcan
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bedrawnfromadetailedstudyof theangulardistributionsofthesecollisions． It
seemstomethatthekindof picture,whichheputsforwardto,appearsinsome-
whatthesamewayas, Ibelieve,yoursuggestionwouldleadusto.

Shapir0,M.M､: Isityetpossibletodrawanyfirmconclusionaboutthestructure
ofnucleonsfromjetstudies？

Powell: Surelywecannotyetspeakof firmconclusion・ Butthepaperweshall
heartomorrow, intheplenarysessionsonjets, fromProfessorMiesowiczandProfes-
sorDobrotin,showthatdetailedstudiesof jetsareverysuggestiveofstructure
withinthenucleons.
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Atpresent, there isagreatamount ,of of theemissionofparticlesgivesusvery
experimentalmaterialsonthenuclearcolli‐ important information， Kinematical aspect
sionsathighenergies・ Unfortunately, in changesitselfwiththe increaseofenergy,
spiteof theprogress inthemathematical but it ispossibletoseparatesome invariant
aspectsofthetheory, thestatusofthetheo- quantities.

ryofnuclearcollisionsasawholecannotbe Lookingatthebehaviorofnucleons ina
consideredtobesatisfactory・ Toagreat collision,wecanconcludethattheaverage
extent, this situationcanbeexplainedby rateof energy lostbynucleons doesnot
the fact that, inexperimentalworks, the changeover a verywideenergy range')
resultsareusuallypresentedinall theirde- (3･10'0 eV～1014 eV, γ･=4～250),namely,
tailssothat it isoftendifficult tofindout duringthecollision, theLorentzfactorofa
thefundamentalcharacteristicsofthepheno- nucleonintheC-systemchangesbyafactor
mena・ Therefore, we trytofindoutsome independentof the initialvalue7c． Onthe
characteristicfeaturesof thenuclear colli- logarithmic scale of 7c, we find that the
sionsathighenergies. logarithmofLorentzfactoraftercollision
Fundamental result of investigation of differsfromtheinitialvaluebyaconstant.
nuclearcollisionsistheconfirmationofmul- Inthecoordinatesysteminwhichoneof
tipleproductionofmesons，whichhasbeen thenucleonsisatrestbeforecollision， the
knownfora longtime・ Forconsideration targetnucleonreceives, usually, smallmo-
ofnuclearcollisionS, itisconvenienttodivide mentumof theorderof several hundred
theprocess into twostages: thestageofMeV,not increasingwithenergy2) .
colligionduringwhichexcitedsystemsare lt follows fromkinematicsofemissionof
produced,/.e.,thestageofessentiallyquan- particlesalsothat,duringthecollision,the
fumcharacter,andthesecondstagethedecay nucleonsdonotgetexcitedorgetaweak
oftheexcitedsystemswithemissionofme- excitationwhichresults intheemissionof
sonsandotherparticles. Wecan find the l～2mesons.Thesemesonshavelargeenergy
natureof the first stageonlythroughthe intheC-system･ IntheL-system, emission

analysisofthesecondstage. Thekinematics ofmesonsbyafastnucleonleadstoPro･

*TranslatedfromRussianbyScienceSecretaries. ductionof ahighenergymesonmovmg




