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1.Resultsaredescribedandanalyzedof g/cm2issteeperthanthatfornuclearevents

aninvestigationintothespectrumofgamma- (Fig.4). Infact,somellshouldhavebeen

raysand total energyrelease intopi-zero observedatenergieslargerthanthehighest

mesonsoflocalnuclearinteractionsrecorded energygamma-rayrecorded・ The experi-

in4stacksofemulsionandheavymaterial mental points arebest fittedbyalineof

Hownatabout220g/cm2, and3stacksof slope-2.3from400tol500Bev, andaslope

similarcompositionHownonballoonsatalti- of－2.8abovel500Bev・ Thechangingslope

tudesrangingfrom8to28g/cm2. howevercomplicates thecomparisonofour

2.Both,nucleareventsandgamma-rays datawithotherresults.Therefore,oneline

aredetectedandtheirenergyisdeterminedwithslope-2.5isfittedtothedata.

inasimilarway， Onlyafterdividingthe

eventsintotwoclassesaccordingtotheposi-

tionoforigininsidethestack,andinvestiga-

tingtheeventsunderthemicroscope,dothe

followingdifferencesinthespectraofevents

appearaccordingtotheirnature:

a.Theenergyspectrumfor theenergy

release intopi-zeromesonsatballoonand

aeroplanealtitudes issimilar, bothfollow

rathercloselyalawofE-2･0. (Figs.land2)

b.Thespectrumofgamma.raysatballoon
altitudes follows a similar lawofE－2･0.

(Fig.3)

c・ Thespectrumofgamma-raysat 220

3. FromanevaluationoftheHyingtime,
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Fig． 2. Integral energyspectrumof nuclear

eventsinballoonstacks.
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可Fig． 1. 1ntegral energy spectrumofelectro-

magnetic cascades initiatedby local nuclear

interactionsinCometstacks(2209/cm2).
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*ThispaperwasreadbyK.Pinkau(nowat Fig、 3. Integral energyspectrumof 7-rays in

KielUniversity,Germany.). balloonstacks.
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height-time-curve,andsizeof the stacks,

absolute intensitiesforthegamma-raysand
localnucleareventscanbeobtained・ The

datafOrnucleareventsreleasingmore than

470Bev intopi-zeromesons,andgamma-rays

abovethesameenergyareshowninFi9.5.
Weconclude that thenuclear-active com-

ponent is attenuated accordingtoa law
g一記/1259/cm2 ●

Thefluxatthetopof theatmosphereis

about3.10-6particles/cm2･sec･steradian.As-

sumingthatonly50%of theparticlesinci-
dentonthestacksinteracted,afluxof6･10－6

particlesisobtainedfromtheMIT-dataabove

5000Bev, indicatingthat some 10%of the

energy is released intopi-zeromesons in

nuclearinteractionsofthisenergy.

4.Weknowthattheenergyspectrumof

gamma-rays isnotalteredduringcascade

processes. Thus the spectrumofgamma-

raysatproductionwillhavethesameslope

asthatrecordedinourstacks・ Ifgamma-
raysareproduced innuclear interactions

only,thealtitudedependenceof thesource

distributionwill havethesameexponential

lawasthatfoundexperimentallyfornuclear
events・ Thecascadeprocesses,whichthe

gamma-rayswillundergobetweenthepoint

ofproductionandentryintoourstacks, are

describedbytheso-called :Gstationarysolu-

tions'' of cascade theory・Wethusobtain

thelowercurveofFig、5,andthenormaliza-

tionof the curvegives us the rateof

productionofgamma-rays･ There isapos-

sibleHuxofgamma-raysat the topofthe
atmosphereofseverallO-7,andthismustbe

comparedwithseveral lO=4 forprotonsat

thesameenergy.

5． Fromtherateofproductionofgamma-

rays,wecancalculatetheexpectedmuon

spectrumifbothcomponentsresultfromthe

chargeindependentproductionanddecayof
Y=~F岫耳
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Fig． 4． Integralenergyspectrumof7-raysand/or

electronsinCometstacks(2209/cm2).
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Fig. 6. Computedmuonenergyspectrum.＊
Ｔ
Ｉ *Atthisconference,arange-energycurvehas

beenpresentedbyS.Ozakiwhichdiffers from

theoneused inthis figuretoobtain theenergy
spectrumofmuons fromundergroundmeasure-

ments・ IfOzaki's curve isused, allpointshave

tobeshiftedtotheleft, theshift increasingwith

energy． As a result, thepoints of themuon

spectrumagreethenverywellwithinthestatistical

errorswithourpointsderivedfromthegamma-

rayspectrum.
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Fig． 5. Fluxofcascadeswithenergyexceeding

470BeVasafunctionofmassofoverlyingair.
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bytheJapanesegroup (I1I-6･16)aboutthe

productionofpionsinhighenergyinterac-

tions.Theirspectrashow,goingfromlower

tohigherprimaryenergies, thatmoreand

moreof the total energyreleasedisgiven

toafewveryhighenergysecondaryparticles.
Theconclusionstobedrawnfromourresults

indicatetheopposite, thattheenergyofthe

highest､energysecondaryparticles increases

onlywithsomepower smaller thanoneof

theprimaryenergy. TheJapanese result

wouldmean, that thegamma-rayspectrum

shouldhaveaslopeequal toorbeHatter

thanthatofthespectrumofnuclear-active

particles. Thisiscontraytoour findings.

Onemighthope,however,that futureex-

perimentswillsolvethediscrepancy.

pions・ Theresultsareshown inFig. 6in
comparisonwithmeasurementsofthemuon
spectrum・ Uptoabout lOOOBev, themuon
results aremagnetic spectrometer results

fromDurham,beyond thatenergytheyare

computedfromthedepth-intensitycurveac-
cordingtotherange-energyrelation・ No
discrepancyappearsbetweenthedatadue
tothelargescatterofthemuondata.
Ifoneassumesthatbothmuonsandthe

gamma-rays result fromthedecayofK-
mesons, ourpointsshouldgivehighervalues

byoneorderofmagnitude・ Thus, thepro-
portionofK-mesonsproducedappearstobe
verysmal1.

6. Arealdiscrepancyarises ifone tries
,toreconcileourresultswiththesepresented

DisczJss加励
G

Yamaguchi,Y.: Iwouldlike toknowwhat sortof feelingyouhaveonthe
fluctuation inthe fractional energygoing into theelectromagneticcascadeatthe

nuclearcollision.

PinkaU,K､: Thisisverydifficulttoestablish. Soononewillbeinthepositionto
domoreabout this,once theanalysis,Prof・ Powell described, isdoneingreater

detail andmorestatistics isavailable. It isakindofcalorimetricmeasurement

whichwe are going todo,wherewecomparethe first humpwiththe total

energyofthecascadeandthenonewillknowmoreaboutfluctuations.
Hayakawa,S､: Incomputingthealtitudedependenceofthe7-rayflux,youused
theenergyspectrumwithslope-2.5.Sincethealtitudedependenceisquitesensitive
tothe7-rayspectumyouchoose, thisseemstobeanimportantpointtolookat.
Pinkau:Wecancheckitbydetectingthemaximumpoint.

Zhdanov,G、B､:Whatistheprecisionoftheabsolutecalibrationofthemethodof

γ-rayenergydeterminationbymeasurementofblackening？
Pinkau: Comparisonwiththeopeniganglegavetheerrorof～10%.Thisisalready

published. Inmanycaseswetriedtomeasurethedensityatseveraldepthstocom-
parewithcascadecurves.Maybe20or30%isthegoodmeasureoftheerror.




