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111.7･6.ASemi"PhenomenologicalApproachtoMultiple

MesonProduction "

K・DAIYAsu*,K・KoBAYAKAwA**,N・YAJIMA*T,H・YoKOMI*,

T.KoBAYAsHI***,K.MoRI****,
andT.YoMEYAMA*****

Atheoreticalapproachtothefire-ballmodel
ismade.

Takingaccountof thestrong interaction

amongemittedpionsinhighenergyjetsand

howthefire-balldisintegratesonemaycon-
siderthefireballasanunstablebosonwith

spinOor l. Two(orone) ormore fire-

ballswouldbeproducedinaperipheralnu-

cleon (or pion)-nucleoncollisionsince the

momentumtransferbetween two colliding
particlesisverysmall.

Variousquantitieswithrespecttothepro-
ductionprocessofthefire-ballsarecalculated

field-theoreticallyinsomesimplecasesbased

ontheabovepointsofview. Thenumerical

resultsarenotinconsistentwithexperimental
data.

1． Analysingtheexprimentaldataofhigh

energyjetshowersindetail,Niu')andsome

authors2) proposedthe f@fire-ballmodel.''
Theoretical foundationsof thismodel have

notobtainedyet. Ifonebringssomeassump-

tionsintothetheoryonemightinvestigate
themechanismof the fire-ballmodel. On

suchastandpointwestudyvariousfeatures

of thismodel byusingthequantumfield

theory. Thedisintegrationstageofthefire-
ballseemstobeindependentof itsproduc-
tionstageanddonotprobablycharacterize

highenergyphenomena・ Thenwetreatthe

productionprocesswithoutgoing into the
detailsof thedisintegrationprocess,which

will besubstitutedbytheinformationfrom

experlments.

2. The fire-ballmodel isbasedonthe

factthattheangulardistributionof secon-

daries intheapparentnucleon(ormeson)-

nucleoncollisionsappears tobe separated

intotwoormoreparticlegroups･ Inmanv

caseseachparticlegrouphas thegradient

twoormore in theFLplot. Theexperi-
mentaldatashowthatthesecondarieshave

smallmomentaoforderofO.2～0.7GeV/cin

thecenterofenergysystemofeachparticle

group(therestsystemofthefire-ball(RS))*.

We could infer that anobservedparticle

groupisthedecayproductofaquasi-bound

systemsincetheinteractioninthefinalstates

isstrongamongemittedpions.Thefeatures

ofthedecayprocessmaybesimilartothose
ofnucleon-antinucleonannihilations inGev

region・ Itmaybeadmittedtoregardthis
quasi-boundsystemasanunstableheavy

bosonwiththeappropriatespinandmass

(M*).

If the collision time, that is～1/("c),

where"isthepionmass, isshorter than

thelifetimeoftheunstableboson, itwould
bereasonabletotreatthisbosonasa free

particleatthetimeof itsproduction. This

situationisjustifiedifthefollowingrelation
holds,

7c>M*/("7), （1）

where7istheLorentzfactorofthefire-ball

inCMS・ Aswillbeshownlater, thiscon-

ditionisalwayssatis6edinourresults.

Bytakingintoaccounttheobservedangular
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* If we assume theangular distribution of

secondariesinRSastheformcosm8*d(cose*)with

Wc=0and2, thegradientofF.plOtturnsouttobe

larger thantwowhenPc/6,r*(6candβ症*areres-
pectivelythevelocityofCMSandof theemitted

pioninRS) islargerthanunity・ Theangulardis-

tributionofnewquantaproposedbyHasegawa3),

sin28*(I(cose*),maybeexpalainedbytheabove

statementortheassumptionthatthenewquantum

isthevectorbosonintroducedhere.
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distributioninRSforthetimebeing, it is

sufficient toassumethespinof theboson
tobeOorl.

Osakagroup(K､D.,K.K.,N.Y. andH.Y.)

adopted theneutral scalarorpseudoscalar

boson.OntheotherhandTokyogroup (T.
K.,K.M.andT.Y.)consideredthevectorboson

withtheisotopic spinonebaseduponthe
followingidea:Thevectorbosonwithmasses

nearlyequal tothenucleonmassorhigher
thanthenucleonmassmavbeidentifiedwith

oneswhichhavebeendeveloped indiscus-

sionsonthebasicsymmetriesinthestrong

interactionofelementaryparticles.
Thee任ectiveHamiltoniandensitiescorres-

pondingtotheabovecasesaregivenby

Hi=jW(")75'(x)P(")

+G'(x)γ』少(妬)B(妬)＋GOW妙2(r)B(x) (2)

where

{;" ｡-{:;" ""γ4=＝

｛:‘辮餓謹協…r(;:|;GO==

and

Hr=jgく〃(邦)γ5で"'(x)?"(x)

＋“(")号沖少(x)B","(x)

（噸"'×器)少は’ （3）+G,

Eq. (3) isthesameastheSakurai's4) .

3．Wenowstudytheproductionprocess

of the6reballsusingabovementionedHa-

miltonians. Beforegoing intothecalcula-
tions itmustberemindedthatthemomen-

tumOf interaction"for the symmetrical

jetsaresmallerthanseveralGeV/caccording
to the6re-ballmodel') . Especiallysmall

valuesof4P, say0.12～0.4GeV/c, arealso

observed. Thesevaluesgiveaclue to in-

vestigatethecharacteristicsof jetsfromthe

viewpointofquantumfieldtheory. Thatis

tosaythefire-ballproductionmustbecaused

byaperipheralcollisioncontrarytoacen-
tral one suchas inFermi-Landau'stheorv.

The smallness of 4Ppermits us todeal

withtheone-pionexchangeprocessasthe

extl･emecaseoftheperipheralcollisions.

4. Thefollowingthreecasesare investi-

gatedbytheperturbationmethod.

(1) DiagramsrepresentedbyFig. 1(1)with

theHamiltoniangivenbythefirstandsecond

terminEq. (2).

(II) Diagrams represented byFig. 1 (2)

withtheHamiltoniangivenbythefirstand

thirdterminEq. (2)and

(I11) Diagrams representedbyFig. 1 (1)

and(2)withEq. (3).

Theinterferencetermbetweenthesecond

and third terminEq. (2) isneglected in
ordertoobtainsomeinformationsaboutthe

differencebetweenmrBandⅣⅣBverticesin

character. Incase(111)thecontributioncor-

respondingtoFig. 1 (1) isnotamainterm

sincethesecondandthethirdterminEq.

(3) haveacommoncouplingconstantGr.

牌I

剛P γ傭ﾕ
1

M
P ユ

l…一ーー

Fb l0

（2）
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(3）( ｜ ）

暖 '
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（4） （5）

Fig. 1．Weemploythediagram(1)and(2),anddiagram(3),(4)and(5)areomitted.
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Table1.Variousquantitiescalculated.
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withoneofourassumptions.

(2) Theangulardistributionof fireballs
hasverysharppeaks intheforwardand
backwarddirectionsinCMS(seeFig.2). In

ordertorepresentthesharpnessofthisdis-
tributionwedefinefras

】0｡=鮒燃二銘' （5）

AndthecYvaluesareshowninTable.

(3) ThetransversemOmentaof the fire

balls("2w)areactuallysmall. "2, incases(1I)

and (111), however, are largerthanthatin
case(1). Itisnoticedthat"2,valuestabulated

WeomittedthediagramsshowninFi9.1.

(3) (4) (5) andofmanyfire-ball production.

Theresultsofourcalculationgivetherough

informationaboutakindofapparent four

center jets, amongwhichtwocentersare

emittedviaexcited final nucleons suchas

3-3resonance.

5. Inordertoobtainthenumericalresults

wemustintegratethephasevolumeoffour

particles inthe final ･state・ Since this is

complicatedwemakethefollowingapproxi-

mations,

",+"2=0, JI"",*=J""2*

and

cos(jh)=1. (4)

Thefirsttwoconditionsmeanthesymmetri-
calemissionoftwofireballsinCMS. The

lastapproximationdoesnot contradictwith

theassumption,thepersistencyofthenucleus

inthehre-ballmodel・ Theseapproximations
wouldnot leadtoseriouserrorssincethe

diHerential cross sectionhasamaximum

valuewhenEqs. (4)aresatisfied.

Thenumericalresultsincases(1), (II)and

(111)areshowninTableforthegivenvalues
ofaandAff.*

(1) 4Pisindeedsmall*, thisisconsistent

d6
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Fig． 2. Angulardistributionof fireballwhere
themaximumvaluesarenormalizedtounity．

* 4pcorrespondingtoFig.1. (1) isderived

from4P=lPol-|pl-lkl.Ontheotherhand4pin

Fig. 1. (2) isgivenby4P=,/(Po-")2-(Eo-E")2･
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Fig. 3. Energydistributionoffireballgwhentheemittedangleβ皿*isfixed. Themaximum
valuesarenormalizedtounity.

areunderestimatedbecauseof the lastas-

sumptioninEq. (4).

(4) TheLorentz factorsof thefireballs

inCMS(7) andthe inelasticitycoe髄cients
(K) aregenerally largerthantheobserved
values. Especiallyinscalarbosoncasesof

(1),Kisnearlyunity.

(5) Theenergydistributionsof the fire

ballsinsomecasesareshowninFi9. 3.
(6) All casescalculatedhere satisfythe
relation(1).

(7) Incase(1) itisfoundthatthemulti-

PliCityiSnearlyPrOPOrtiOnal tO (W/1'cL5)q5 ,
where"zmeanstheparameterwhichchar-

acterizestheangulardistributionof these-

condaryparticlesinCMSbycos'""｡d(cos"s).

Thisrelationisnot inconsistentwithexperi-
mentaldata5) .

6. Noseriousdiscrepancybetweenourre-

sultsandtheexperimentaldataisfoundex-

cept thefvalues. Ifwe introduceaphe-
nomenologicalformfactortothebosonvertex

andcutoffthehighmomentumoftheboson,

wecouldexplaintheexperimentaldataalong

theideadevelopedinthisreport. Thenour

approach inwhich thestronglycorrelated

particlesareregrouped intoaheavyboson

seems tobecomeauseful tool forthein-

vestigationonthehighenergyjets. Finally

wehavesome speculationwithrespectto

“・ IfjPdistributionhassuchbroadmaxi-

mumaroundlGeV/caswasshownbyNiu6) ,

itsmaximummaybedue toavector (or

pseudovector)bosonhavingmassoftheorder

oflGeV.Theprocesscorrespondingtocase

(111)hasnotsosmallcrosssectionevenwhen

oneof internal lines is substitutedbythe

abovementionedvector (or pseudovector)
boson.
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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




