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111"6．21.GeneralDiscussion

Powell,C､F､: Ithinkthatwearenowfreetobegintodiscusstheimplicationsof
thepapersweheardinthelastthreedaysandtobegintoseewhatbasicconclusions
theyleadtoandtoaskwhetherthereareseriouscontradictionbetweentheresults
obtainedbydifferentworkerswithdifferentmethods. Iknowthattherewasadis-
cussionsuggestedyesterdayonthequestionsoftheworkonthe"-mesonspectra,
the7-rayspectraparticularlywhethertherewasanyseriouscontradictionhereornot.
Fujimoto,Y､: Letmesummarizethediscussionsofthismorningaboutprimaryspec-

trum,gamma-spectrumandmu-spectrum・ Aboutgammarayswehavethreecontri-
butions, twofromaeroplanealtitudeandonefrommountain・ Letmewritedown
figurestheyquoted,theexponentofspectra.

Exponentofgamma-rayspectrum
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Powell: Thecrucial point is thatataeroplanealtitude thereseemstobevery
substantialdifferenceofviewandlwondertherewasanydiscussionabouttheorigin.

Pinkau,K.: IthinkyeSterdayProf・ Smorodinstressedthepoints thatathigh
energythemeasurementsintheionizationchamberarenotcompatiblewiththeview
thatsomeormanyoftheseeventsareproducedbyoneparticle; theycanonlybe

explainedifhehasathigherenergiesmultipleparticlesincidence.
Powell: Inthatcasetwoexperimentsaremeasuringdifferentthings.

Koshiba,M.: Dolunderstandcorrectly, thenin theRussianexperimenttheyare
rathermeasuringZEy.

Pinkau: Yes, somethinglikethat.

Fujimoto: Aboutmu-mesonsthingsarenot soclearasthecaseofgamma-rays.

UptocertainenergyclosetolO'2ev,wehavecontributionfromDurhamofdirect
measurementofmomentum.Beyondthis,wehavetorelyuponthedepth-intensity

curveanduserange言energyrelationformu-mesons.Makinguseofthedepth-intensity
relation,andreferingthedatafromvarious laboratories,particularlyincludingnew
datafromTata, thespectrumseemstobeasfollows.

exponentof"-mesonspectrum
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Powell: Isitreallyuseful to.putthemintheformofthepower spectrumwhen
youmeasurebendingcurves？We，vegottomakeanabsolutemeasurementsunder
thecertainassumptionsintheinterpretation. Andthisgives theroughpictureof

anincreasingslopeincomparisonto7r-mesonsorgamma-rays.
Pinkau: Thereseems tobean indicationof somesteeperslopefortheBristol

gamma-rayspectrumthanthatofthemu-mesonspectrum. Furthermore, ifonefol-
lowstheargumentofDr・Nishimura, thediscrepancyisalittlebit largerbecause
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heclaimsthatweshouldreallycompareourgammaspectrumathigherenergieswith
mu-spectrumofstillhigherenergies.

Koshiba: Now, isitthenagreedupontheviewthatnumberofaeroplanealtitude
2．8±0.3of 7-raysshouldbecomparedwithhighenergysideofiz, that is, 3.0～3.3
minusapproximatelvl？

Ido like toknowa littlebitmoreclearlyamongthosenumbersDr.Nishimura
pointedout,whichnumbershould justbecompared・Wehave tobea littlebit

Careful・ SoratherthandividingallthealtitudedataatthemagicnumberoflO'2ev,

I thinkpeopleoughttospendmorethought,atwhichaltitude,atwhatenergydata
shouldbecompared.Energyrangetobecompareddirectlytothemudatashould

bedifferentaccordingtothealtitude. Consideringthispoint, I'mnot clearatall
sol'dbeverygrateful ifanyonecan-

Powell: Dr・Nishimurawill illuminatethispoint.

Nishimura,J.: Ataeroplanealtitude,sayat200mb,gammarayscomeontheaverage
fromlOOmb・ 元±mesonsresponsibleto"mesonscomealsofromaroundlOOmb. So,
these汀±and元・areproducedatthesimilaraltitude,andwecandirectlycompare
thesetwospectra.Asfortheenergyrangetobecompared,theenergyof冗士meson
shouldbesimilartothatof theobserving似±meson, astheQvalueisqutesmall.
Forgammarays,thesituationisdifferent.Theenergyofthegammaraysshould

bedegradedbysufferingthecascadeshowers,whentheypassthroughtheatmosphere.

IfweareobservingthegammaraysoflO'2ev, about50%ofparent元。mesonsshould
have theenergyhigher than3･1012ev.ThisisaconsequenceofourMonteCarlo

calculations・ IfwewishtomakecomparisonofgammarayswithlO'2ev,thenwe

shouldcompare"mesonswithenergy3･10'2ev, atwhichnowwearelackingclear

dataof"mesonspectrum・ Lookingthis situation, thecomparisoncouldnotbea

supportofthedepressionofthegammarayspectrum,butisonlysupportingthat

theexponentofgammarayswithlessthanlO'2evis2.0.
Pinkau: Onemustbear inmindthatwemeasuredatthesamealtitudenuclear

spectrumandgammaspectruminthesamestack.Thedifference of these two

slopesisveryremarkable． I thinkit isinthelimitsofcoincidence. Reallywhatl

wanttoknowisthephysicalconclusionderivedfromthisdata・ Ithinkitmightbe
justifiednowtostartspeculatingonthat.

Nishimura: Ournucleonspectrumseemstobendgraduallyathighenergyside.

ReferringthedataatlowenergysideobtainedbyRussianpeople,nucleonspectrum

atourmountainaltitudegOesaslikeasshownintheFi9． 1． InthesameFig.,Our

gammarayandBristoldataarealsoshown， Iftheslopeofnucleonspectrumdoes

notchange,andtheslopeofgammaraysdoeschangeatacertainenergy,asinthe

caseoftheBristoldata,somechangeofnuclearinteractionshouldbeexpected・ For

instance, suddenincreaseofthemultiplicityof元・mesons. However,wehavealso

directdataabout the元。 spectrumproduced inan individual event. Therewasa
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changeofthespectrumastalkedyesterday.

Theenergyconcentratestoone"｡withincreasingprimaryenergy． (Fig.2) Sothe
jiff.renceoftheslopebetweengammaandnucleonspectrtlmsh5dld､b5srilalier~5f
higherenergyside・ Thus,aboutinterpretationof thedata, there isagreatdiscre-
pancybetweenBristolandours.

differential
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Fujimo":｡ C9uldl.jUgtwritedownthenucleonspectrumpresentedbydifferent
groupsatthetimeofthismorningsession？

一

exponentofthenucleonspectrum

Aeroplanealtitude

Bristol

Soviet

Mountainaltitude

Soviet

Japanese

ZEv
'

2.0±0．2（2.1013～1014ev)

Carolimetric

1.7±0．15（2.10'1～2.1013eV)

1.98±0.09（～1013eV)
2.3±0.3（5.1012～1014ev)

Fo"l:MqyljustlPakearemarkaboutthepointraisedbyDrNishimuraabout
whiclllwasn'tclear. Ithinkit isapowerfultpointaboutBfistolworktliafWEI
y9uobserverrays,yOUdon'tknowwhattheyarecomingfromYouseetlEsffgif
ofcascadeandyoupickitout・ Thenyoufind, incloserexamination, thatthenuclear
activeonesaredistributedthroughoutthestackinthewaythatyouwouldexpect
fromthenucle"interactionlengthOntheotherhandthoSewhicilhaveii6MEf
interactioIIaredistriblltedratherclogetotheedgesofthestackcorrespondifigWm6
much_earlierponversion; correspondingtothefact that inBristolAssemmi65fiig
cascadeupit isverymuchlessthantheinteractionlength・ Thenatthisstageonly
whenyoll'Vemeasured311 theenergiesyouput themtogether, andyoumim
nuclearinteractiveonehastheshapeE－2andthere isamarkedefficiencyathigher
energiesforthepure7-raysenteringthestack・Whatl liketomentionaboutthis
fature､isP'at"seemstome jmprobableforunsuspectedbiases topE"~r5ig
Wow,whatIWa2tto,questionjsthisDpNishimurasays, iflunderstoodfliin~f";
thechangeof theslopemustcorrespondtosomechange inthe interactlon． But
the.esseptial ey<planatiQnofthiseffect isatfirst sightintermsof theid"IhaRH
puclearipteratjorlonehasan､excitejbaryonTheessentialpointiSthatthiSmM:
tionppeptrumjoo!Ksyerymuch,3sPrNishimuradrewit, tliattheSeloweheEy元'S
areduetoapionizationprocessintheCMSofinteractionbetweennucleons,whereas
"is_gr9"othighenergy"'gisproducedbythedecayofanexcitedbaryori6f56IHg
kindwhich isacommon, thisiswhatProf・Peterswilla伍rm,acOmmonresulton
highenergyinteraction・ Underthisviewthedroppingoffofthespectrumherei55●

consequencepot_machaPgeinacharacteristicsofnuclearintera6tionbutthebM
sequenceofthefollowingfacLThese7･raysarerarelyproducedsimplybebaiIge~fHE
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baryonmakes,atagivendensityoftheatmosphere,interactionwithanothernucleus
beforeitradiatesits7r-meson・We'vegottobeverycarefulofrelatingthespectrum

ofsecondaryparticlesnecessarilytochangeinthefeatureoftheprimarynuclear
interaction. Suchdecayprocessescanalsodistortit.
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Pinkau: Ithinkthat'squitetruebutwehaveapointofdisagreementandlhope

maybelcannowlocalizeit・ Thisisthatifthehypothesisisrightaboutthehyperons,

thenatanyonealtitude,sayatmountain

altitude,weshouldhave the following

feature likeFi9．3, ifldrawherelower

andhigher primary energy･ Because,

hyperonshave tohavetimetodecayto

元｡. Now, thisstresses justtheopposite

whatJapanesehasfoundandthisinfact

isourdisagreement. Youseethisisex-

actlywhatDr・Nishimurahas drawn.

Therefore,hedrewthatyoushouldex-

ageratedlyget thegammarayspectrum

likeFig､4. 1hope,nowitbecomesvery

clearwherewedisagree.

Fujimoto: Ithinknowthispart(<10'2具，uJ且且皿ULq"。 ユレ上且人且ユエL 』』Uvv し且44，コrK4Lし、、1u

on

Fig.4.
eV) isnearlyall right foreverybody.

For thehighenergyside (>1012eV), theslopeofgammarayspectrum(2.8±0.3for
BristOl,2.5±0.2forJapanese)seemstoagreewithintheexperimentalerror.Butthe
pointistheinterpretationofthesedata. Ifltakethedifferenceoftheexponentof
gammaandnucleonspectra, ofBristOl grOup, itbecomesashighasO.7,butthe
Japanesedatadoesnotshowsuchbigvalue. IthinkthisisthepointWhichwehave
toargue.

Powell: Sotheconclusion is that there isasatisfactorycompatibilitywiththe

experimentalobservationobtainedindifferent laboratorybydifferentpeoplebydiffe-
rentmethods.

Fujimoto: Iamsayingthat there isnoreasontobelievethattheslopeofthe
spectrumshouldhavethesamevalueatthedifferentaltitude.
Pinkau: I thinkthat, iflunderstandrightly, theywouldwishtostressthatthe

slopeofgammaandnucleonshouldbesimilarbythereasonof元・mesonspectrum
producedinanindividualeventwhichtheydirectlymeasuredintheirexperiment.
ThedifferenceoftheslopeofgammaandnucleonspectrainJapanesedatais lower
thanours. Undertheirviewpoint,ourgammaspectrumshouldhavetheslopevery
near to2・Oatthehighenergypart,because,moreandmoreenergyconcentratesto
thehighenergy元・withincreasingprimaryenergy. So, thisisthepointof contra-
dictionbetweenJapaneseandourdata,butlthinkwearegettingdownthecrucial
point･ Imust inquiremore,howtheycangettheproductionspectrumof元・meson．
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Ithinkwecandoit intheplenarysession・ That, Ithink, isaverycrucialpoint.
｡

Nishimura: Itismygreatpleasure,that theseexperimentalvaluesarecoming

nearandnear,andwearejustinsideoftheexperimentalerror. Stillthereisadis-

crepancyabout the interpretation. ButwearegoingtoextendourECCandalso
perhapsBristolgroupisdoingmuchbiggerexpedition. Sointhenext conferencel
hopewewillagreecompletelyevenonthepointofinterpretation.
Powell: IthinkDr.Danielwastellingmethat,wehaveaverygoodstackrecently
flowninlndiaandwhichwillbesharedbetweenBombayandBristolgroup.

Daniel,R，R､: Sizewas4ft・by2ft・ consistingofemulsionsandtungsten,which
aresurroundedbygraphiteofthicknesslﾉﾉ, anditwasfloatedfor36hrs. Theidea
istocatchthenucleareventsproducedingraphiteandalsostartedintheatmos-

phere･ So,wecandirectlycomparethefeatureoftheirnuclearinteractions.Gamma
raysproducedingraphitearesuchastoresultinindividuallycomingtonuclearemul-
sions・ Thereforeoneisabletoseethe汀。 spectrumseparately.

Powell: Ithinkitwillbeveryniceifwewoulddiscussotheraspectsofthepapers，

weheard. Inparticular,therewasaveryinterestingearlysuggestionthatthemul-
tiplicityof Jr-mesonproductionby7r-mesonsasshowninlCEFstackandothersindi-
catedratherslowchangewithprimaryenergy・ Idon'tknowDr・KoshibawOuld
liketocommentuponthevariousviewsput forwardandhowcompatibleareone
another.

Koshiba: I'mnotsurehowmuchitissIowerthanE'/4． All thepossibleeffectof

thesecondarynucleoncascadeandsoforthistomakeitlooklikeslower;itmaybe
slower thanE'/4 but ldon'tknow・ Myfeelingisthat itcouldbecompatiblewith

E'/4butperhapsProf.McCuskerwilldisagreewithme.
Pinkau: Prof.McCuskertriedtocontrastdifferencebetweenP-"and 7r-" interac-

tiononthebasisofdifferentcrosssectionsforthetwoprocessesandonthebasisof

assumptionsthatprotoninsidethenucleuswouldmakeacascadebutpionwouldnot
doso・ Nowthisargumentdependsontheassumptionsonthevariouscrosssections.
ofvariousprocesses・ Ihaveaskedintheprevioussessiontocheckupthesenumbers.
FromtherecentGeneveReportlfoundthatatl6Gevtotalcrosssectionfor元－-jis

25mb (inhydrogenbubblechamber)andelasticis4mbsoinelasticcrosssectionis
21mb,andforかPof24Gevonegets43forthetotal cross sectionand9 for the
elestic・ Soreallythedifferencebetweentheprotonandpioninelasticcrosssection
isonlv3to2、 1t'snotquiteafactorof4to2whichProf・McCuskerwasassuming.
Powell: Prof.Fretterdirectedtheattentiontothefactthataveragemultiplicity

asshownbytheanalysisthatProf.McCuskermadewasverymuchgreaterinthelow
energyrange thantheknownvaluesmeasuredforhomogeneousgroupsof元-mesons
atCERN・ IunderstandyouhadadiscussionwithProf.McCuskeronthispoint,
andreachedacertainconclusion・ Idon'tknowwhetheryoucangiveit.

Fretter,W.B､: Thefactsabout thisparticularpointsare thefollowing. The
crosssectionfor7r-jVinteractionisabout 25mbat l6Gev・ Thecross-sectiondeter-

minedbyProf.McCuskerinhisanalysisofsecondaryinteractionalsogivesavalue
about25mbpernucleon･ Thismeansthatheisnotmissingverymanyinteractions.
Hedoesnothavestrongbiasforhighmultiplicityinteractions,becauseif thereare
twiceasmanyofverylowmultiplictyinteractionswhichwasn'tseen, thenyouwill
getadifferentvalue forcross-section. Ontheotherhandhismultiplicityofall
interaction,notofthose"8>7,gives<"s>～8andhebelievesthisisnotverybiased

againstlowenergy,andsodol,betweenlO～100Bev,anddoesn'tchangeveryfast
withtheenergy.Whereasatl6Bev<"8>=4.2atCERN.

It seemsclearbigenoughdifferenceheretoworryabout・ Twopossibilitiescan

explainthis、 Oneisthat7r strikesanucleonand leavesbehindanexcitedmeson
cloudwhichsubsequentlyblowsup.Atenergy,say25Gev,thismesonclouddoesn't
moveveryfastandit'squitepossiblethatthecloudcanblowupwithinthenucleus.
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WhgnyQllhaveamesoncloudthatconsistsof4or6mesonsblowingupwithinthe
RuclellsLheljylehaveayerybigpossiblityforadditional interactiongOfthemh~6f
tigcloudwitjWlequcl"s,sowhatstartedtobeocollisionwithaV6fagg~imipi:
city4can_e\ilydevelopinthecollisionofmultiplicity8TheMEf~BM~rmb
energiesofthemesonsfromacloud・ Heretheexcitedfireballmesons， Thoseare
lowenergymesons,notofl6GevbutoflGev・ At lowerenergythecross-section
ofmesonismuchlargerthan25mb・ Youcaneasilysetcross-sectionof60, 80, 100
mbwit4t.｡"gSpns_ofproperenergy. Thesetwobffects, that ismer"iMn~6f
Wes9nfl911dSwithinthOnucleusbecauseit'&notmovingfastattlieseeligfgg~almi
"factth¥.cr9ssSpptiWsiargerthan25mb inoecoiidaryeVenf5,~fME't"
areresponsibleforthisdifferenceofcrosssection.

PqwPII:_ThiSmeansthat lowerenergy,r-mesonsproducehighermultiplicitiesin
emulsionthanfasterone.

Frette¥: Prot.Mcfustergetstheflatteningofmultiplitywithenergybutactually
itgoesdown. Itlooksfine.

KoPhib"" thjnkhiscOllectionof ]owenergyevent& ｣sactuallyhigherenergy
evCntg.Simplybecauseofthefactsthat itdidhappendevelopmentbf inlclearcig.
cadeiPsidgtPenUpleusthentheapparentenergyl6okedlikeiowenergyrMMI&
wasclassifiedaslowenergyregion，andatthesametimebecauseofveryfactthat
itgevelopsnuclearcascadeanditgavehighermultiplicitythanliguai.
Fretter:_ Ijust liketomakeonemorecomment. itse6mstomethatthisdiscus･
gjonon, themultiplicityshouldbeo"athe" !mportant ]essontodSailJ&p5EM
"gg_who2"workinginemulsion. Themultiplitityin"collisioMEErmiifraf
CERNat25Gev isalsoabout4,2. Ifwetakethatresultseriouslyandyoubelieve
thaftryariatmQimultiplicitywithenergyshouldbesomething.liE~"~i5~iX
multiplicityatlOOOGev, forexample, shouldn'tbemuchmoretharllO・ Therfore it
lgoksVerysuspiciousuponthesortofdataasnucleon･nucleoncollisiOfiat~a56DHbdj
Pevgivingaveragemultiplicityof 20. So l thinkbyresultsommiZMEM
Imowexactlywhatyouhave,butwewouldnotbe t6bsurewhenW5IM~M
heavyprongandnicecleanjetasanucleon-nucleoninteraction.
Pqwell:Wehavetobreakadiscussionatthemomentregularly lmustsaythat
myjmpresSj911ofthesituationisthataprofit isverymucHbylhevariety5f&:
perjm"twllichilavebeendone !nthedifferentconditions,wifhdiiferefltXppafafag
andalthough it，sclear thatweneedbetterinformation，wecanseeawaygreatly
inWrovingthe_eXperimental informationat ourdisposaLWehavesomeatp:figHE&
withnewmethodwhichagaintobeprofitable，WeheardfromProf. Dobrotinal-
readyinMoscowandweheardmorehere，Wehaveareliablewayofgettinga
plfettygoodestimateof theenergyofaprimaryinteractionsandtilenWgcan3ee
Whathappenswhentheoriginalparticlestrikesili lightnuclei. Ibelievewemf6
similarpossibilityfromfragmentationinlCEFstack、Wealsohavethepossibilitv
o:relatingbetweenthemeasurementsontheobservedr-rayspectrumintiieMM

ご

phexpwiththe"-mesonspectrumandhereagainwegreatl)FimproveexPerimifal
resultsofimprovedstatisticalweight・ Ingeneralwebegintoseeawayforwardby
f9ncentratingongainingfirmandreliableinformation, andcertainlyalreadyinforma･
#onsWe'Vegotallowus tomakesomedistinctiolibetweenth6greaf""~13f
theoreticalexplanationswhichyoucanput forwardwhenyouha,EamhHilif5
numberofparametersasyoucanget・ So it seems tomewehaveratherrapidly
1mProvingsituationthatwill be improvedstill furtherbyourindustry,andtliisig
muchnodoubttobesaid.




