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oiffactors=1,isunitary・ Indeed, letusconsiderinalocaltheorythereactionmatrix
KrelatedtoSby

IfoneintroducesinKthecut-offfactorG,then,sincelGI2=G+G-isrealandG+and
G-arehermitianconjugate,thenon-localKremainshermitianandthusthenon-local

Sisunitary.
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I11"7"2．HighEnergylnteractionsonthe<MolecularModel'

oftheElementaryParticles
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Inthistalkl intendtogiveabriefremark pendentlybe definedfrom"-charge, Q＝

ofmyspeculationonthestructureof the "3+1/2,whichisasubstituteforhypercharge
elementaryparticles. Iamgoingtoshowinour scheme・ Youmayhererecall the

you that thehighenergy interactionsof even-oddrule insteadof strangeness rule

several to several thousandsGevwould becauseweclassifynucleonandtheg-particles
revealthetypicaleffectswhichcandirectly inonegroupwithA:3=1/2whiletheZ-and"-
berelatedtothestructureofparticles. Aparticlesintheothergroupwith"3=-1/2. 1n-
basicpremiseof thepresentmodelisa steadoftheordinaryisotopicspin,weconsider
variant schemeof the internal degreesof thefour-dimensionalonethatiscomposedof

freedomforbaryons inwhichstrangeness rand<. Inthisschemewecandefinethe

andhyperchargearenotused. Inorderto newisotopicspinJ=で+gindependentlyfrOm

classifybaryonsweintroducethreekindsof the"-spin・Wehave,however,tomakesure
Gchargespins',T,<,and",andassumethat thatwecangiveareasonableexplanationof
thethirdcomponentsof these 6spins' are

simultaneouslyquantized. Tablell.Thelistofmesonsandtheir
quantumnumbers.

Hereelectric charge,Qe=r3+<3,caninde-

〈Mesons <3 〃3 にでで3

Table1. Quantumnumbersofbaryons.
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conditionthanthatderivedfromthestrange-

nessrule･ Forinstance,the followingpro-

cessesthatareallowedbythestrangeness

ruleareforbiddenbyourruleof4"3=0:

g-+p->/i+", go+"-→4+4.

Weare,therefore,ledtoexpecttheexistence

ofg-hyperfragmentswhichfromthestrange-

ness selectionrule shoulddecay instanta-

neouslv.

Analysisonthestronginteractionstellsus

necessity of breaking down the higher

symmetry inourscheme・ It seemslikely
that insteadoftheseparateconservationof

』て3=0, 4r=0, and"3=0,"=0theunited

conservationof"=0,4JS=0isenoughto

accountforthestronginteractionprocesses.

IfwerequirethatthecouplingsofZZDand

Z'4Darevanishing, j.e., (4"≠O),thenour

scheme covers the strangeness rule・ A

detaileddiscussionof thesepointswillbe
foundelsewhere.

Nowlamgoingtosuggestamodelofthe

theforbiddenprocesseswhichsofarhave

beenaccountedforbystrangeness selection

rule・ It is interesting to note that the
selectionrules inourschemearederived

fromtheinvariancepropertiesoftheinterac-

tionHamiltonian.Amongbaryonswecon-

sideranumberofYukawa-processesof the

strong interactionswhichare rotationally

invariant in"-spaceandalso inthefour-

dimensional isotopicspinspace・ Todothis
wehavetointroducesixteenkindsofmesons

whichareinatripletstateandinasinglet

statewithregard to", andareaself-dual
tensorinthefour-dimensional isotopicspin

space. Thelistofmesons thus introduced

isgivenintheTablell.

Wecantheninfer the followingconserved

quantities:

4"3＝0 4で3=0 "3=0

4応＝0 』て=0 "=0.

ItwasshownbySatoandthepresentauthor

that 4"3=0 imposesus amore stringent
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Fig.1.Massspectrumofisobarsinthelowest state (finestructuredue to the (spin-spin]'
interaction).Observedlevelsareunderlined.
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structureofparticlesinthefollowingmanner. T=T+で′, Z=<+ど′, I=T+Z. (2)
1) For the structure of abaryonwe

BytakingananalogytotheRussel-Saund-
assume thatwe can consider two parts

ers coupling, we shall trya <spin-spin'separately; one isa #corepart'whichis :

debcribed6ytheTieWig5fbPigiins,Wifd~gW"onWitlltheWlvW'c"roperty!n
and thgofHef is~~3~@MMo~"t;MM"f9Ur･di"en91onal(Euclidign)chargeapaco

anddeterminethemassspectrumof isobars.
bearsa"-spin.Thecorepart shouldhave

acharacteristicmassandalength. E=F(T･Z,T2+Z2)+Qfi (3)

2)Weexpectthataninternal interaction F(T.ZZv2+Z2)=α'(T･Z)2
betweenthe @neutrinopart' and the (core

＋6ﾉ(T･Z)(T2+Z2)+c/(r2+Z2)2 （4）
part' shouldleadustothemass spectrum
ofbaryonwhichotherwise representsonewhereaff isaconstantwhichdoesnotdepend
particle in a degenerate state.Wemay onthechargespinsbutwhichdoesdepend
writedownanexperimentalmassformulaof onthekindsofcompoundcores.

baryoninthefollowing: A) Nucleonisobars(N*)

Wenowdetermine theparametersin(3)

〃過=('/2+")(αや)+(112-娠鳳)(c6+")+"(1) by"Mg.{h""meMMMMM
6=1/2Zrf<j+1=1 for Z' theexcitationenergyofthenucleonisobars:

j＝1

300MeVT=3/2, 580MeVT=1/2
6=-1 for 4

740MeVT=1/2, 940MeVT=3/2.
3) Forthestrong interactionofYukawa

Bytakingintoaccountthe 6spin' assign-typeamongbaryons,wedefinemesons in
mentgivenintheTableslandll,wehavetermsofaself-dual tensororascR12rin

T=1/2, <=1/2forthecoreofnucleon,thenewisotopicspinspaceandavectoror
Fmd

ascalarin"-space・ Itseemslikelythatour
でノー1， <'=0 forthecoreofpion.framefortheinternaldegreeoffreedomis

simPlerthanthestrangeness frameincon_ ... T=3/2,1/2; Z=1/2. (5)
jecturingthestructureofparticles, because It iseasilyseenthatafitwiththeexperi-
aparallelismbetweenamechanicalspinandmentscanbeobtainedwiththemassformula

achargespin,whichdoesnothold inthe - (3), ifweassume
strangenessrule, isnowacceptable inour

αノ=160MeV, 6ノ=-160/3Mev,
scheme.

cノ=-100/9MeV (6)4)Weassume that the isobaric states

recentlyobservedin thehighenergycolli_ . "N*=1555-MeV
sionsmaybeexcitedbyaclose impact be. B) Pionisobars(7r*)
tweenthetwocorepartsofparticles，With We turn thento themass spectrumof
thismodelwemight compare themass pionisobars・ Inthiscasewehave
spectrumofisobartomolecularlevels,while T=2, 1, 0, Z=0.
themassspectrumofbaryonmaybecom-

F(T･ZT2+Z2)=0; T=0, 1=0, Z=0,paredtotheatomiclevels. Sincetheinter-

nal interactionbetweentwocores seemsto =-44MeV; =1, ==1, Z=0,

usnoteasyofaccess,weshall tentatively =-400MeV; =2, =2,Z=0,

tryaClassicalpictureof the twocolliding Ifweput
particleseachwithtwomechanicalspins(r,

α癒噸=790MeV,
<) and (でﾉ， と').Wefurtherassume thata

wecanthenexplaintheobservedpatternofcertainpotentialmayworkbetweenthetwo

coresalidtheenergjlevelsofasySfgni6f "*:
twocorescanbedealtwithbyanon-rela_ f')-mesonwithT=0,M=790MeV,

tivistic approximation･ Let us limit our andp-mesonwithT=1,JI"=750MeV.
attentiononlytotheenergytermfromthe Moreover, therehasbeensomeindication
spin-spininteractionandassumethatT2,Z2, of the existenceof 7r*withT=2,M:~400
12,andlh are simultaneouslyquantised inMeV.

the $ inter-core' interactions: C)Hyperonisobars(Y*)
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bars.

WealsocitetheobservedisobarI=0,M=

1815MeVandI=1,M=1645MeVwhich

maybecomparedtotheabovepattern.

D) Kaonisobars(K*)
Wecanpredictthemassspectrumofkaon
isobarsinthesamewayaswasgivenabove

T Z IF(T.Z,T2+Z2)(MeV)MK*(MeV)
1 1 0 880 2345

1 1 1 190 1225

1 1 2 －290 885

Hereweput

"K*=1175MeV,

inorder to fit the lowest levelwithI=2

withtheobservedoneMK*=885Mev.

Finallywementionthatthehigherlevels
with the !@orbital quantumnumber'' or

otherquantumnumber (for instance, the
number of cores) couldexist beyondthe

lowestgroupnowdiscussed.
Ifwe furtherassumethat theseexcited

levelscouldoccurinthe. extra-highenergy

collisionsandcoulddecaywiththeemission

ofpions,wemayrealizethemany-fire-ball-
modelbyHasegawaintermsofthecontribu-

tionfromN*, 7r*,Y*,K*.

Aswasmentionedabove,theinter-core

interactionshouldpartiallyviolatethesym-

metryoftheinternal interactionswhichare
responsibleforthemassspectrumofbary-
ons: the<3-dependent splittingofnucleons

and theg-particles, andthe "-dependent

splittingoftheZ-and4-hyperons.Weare,
therefore,leftwithonlytwodifferentcores

inthepresenceoftheinter-coreinteraction:
X*(coreofnucleonandg-particle),

Y*(coreof2-and4-hyperon).

Thespin-spinterms forX*andY*are

equalbuttheoriginalmassesofX*andY*
couldhavedifferentvalues.

Nowwecaneasilyinfer theFLtermsfor

thehyperonisobars:

T=3/2, 1/2,Z=1/2

T ZIF(T.Z,T2+Z2)(MeV)MMr*(MeV)

3/2 1/2 1 325 2025

1/2 1/2 0 125 1825

1/2 1/2 1 －35 1665

3/2 1/2 2 －315 1385

Hereweput

crr*=1700MeV,

inordertoequatetheobservedYl*±tothe

lowestlevelof four-kindsof predictediso-

Disc"ss加励
●

Yamaguchi,Y､：Whatareyourstrangenessandisospin？Canyouprovetheisospin
andstrangenessconservationinyourformalism？
Nakamura,S.: HyperchargeUisdefinedinourscheme,as

U=(1/2+"3)×2<a

forbaryons. Isotopicspinisdeiinedintermsof thefour-dimensionalvectorwhich
canbedecomposedintotwokindsofthree-demensionalspinorsてand<, inSchwinger
theory.Wecanproveconservationofstrangenessandisotopicspinintheordinary
senseasfarasthetypicalexperimentalevidencesareconcerned,butweareledto
someconsequenceswhichwouldgiveacrucial testbetweenourschemeandthe
currentone. (SeeNakamuraandSato,Pro9.Theor.Phys. 26, (1961), 231.)
Yamaguchi: Didyouusesamenumerical constantsforaﾉ, 6',c' toevaluateall

resonances？

Nakamura: Yes, thisisbecausecoresofparticlesareall defined intermsofで
and<, aslongastheisotopicspinsareconcerned.
Yamaguchi： HowistheZ，元resonance？

Nakamura:WecanciteaspectrumfortheisobaricstateofY*,dependingonIJ
butnotofZ'*and/f*.

Wataghin,G. : Isyour schemesomehowrelatedtoanattempt publishedbyJ.
Tiomno？

Nakamura: Ourschememayberegardedasavarianttheoryofhighersymmetry

whichoriginatedinthatofJ.Tiomno.Butlused"-charge,insteadofhypercharge
whichisusedbyTiomnO.

Zhdanov,G.B､: Isitpossibletoconsideryourquantumnumbersastheparameters
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oftheinternalmotionoftheparticles？

Nakamura: Inourschemefermionsareall described intermsofthreekindsof

@chargespinors',andmesonsareof :chargevectorsandscalars'・ Thisenahlesus

toresumethatchargespinscorrespondtomechanical spins inthemovingcoordi-
nates,whichisaconsequenceoftherigidbodymodelsbyNakanoandFukutome.
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Onemaytrytodescribeinelasticnucleon-

nucleoncollisionsinthehighenergyregion-
above500GeV-byasimplegeometricalmodel

onthebasisofthetwo-centreconception,') ,． 1) 2）

whichincontrasttootherworkersassumes

thatangularmomentumisconservedasorbit-

alangularmomentum.Asingeometrical

opticsit isassumedthat raysmaybecon-

structedaccordingtothesame laws that

wouldbeobeyedbyparticlesinclassicalre-

lativisticmechanics・ Toeachrayavalue

d$6'' of impactparameter isattributedand
predictionsonthestatistical distributionof

observablequantitiesarederivedfromthe

equidiStributionof62・ Thisisaphenomeno-

logicalmodel asnoassumptionsaremade
onthenatureofwhatiscalled@6centres''or

d6excitednucleonJhere.

Conservationofenergyandmomentumre-
qulres:

collisionisalwaysgreater thantheimpact
parameterbbeforethecollision・ Now,also
amaximumvalueaノ is introducedfor6ﾉ：

6≦6ﾉ≦αﾉ,whichmaybederivedbyLorentz
transformationfromalength@$"''definedby

γ2(α/2-62)＝α2-62 . （2）

It is foundthenthat thereisamaximum

valueforthetotalrestmassesinbothcen-

tres, determinedby

γ
（3）加＝,/'十を2(γ2－1） ，

where:=6/",Accordingtothisrelationperi-

pheralcollisionsareelastic． Completelyin-

elasticcollisionsarepossibleonlyinthecent-

ralregion.

Ifmaximumrestmassistransferredtothe

centres, the transversemomentumofeach

ofthemisfoundtobe

R=盲γvI=F1/7首三丁 (4）

（1－γ・瑞獅)豊） （1）籾2＝γ2

where"z ishalfofthesumoftherestmas-

sesof theexcitednucleons, 4wz ishalfof

thedifferenceof therestmassesofthem,
カノ isthemomentumofeachoftheminthe

CMSand7istheLorentz factorofeachof

thecollidingnucleons intheCMS. The

velocityoflightandthenucleonrestmass

havebeenset equal toone.At inelastic

collisionstheimpactparameter6ノ afterthe

1＋を2(γ2-1） 、 ′

Thismodel isnotapplicableifPtiscompar-
ablewiththeuncertaintyof transversemo-

mentum.Thisuncertainty,whichisacon-

sequenceofthefinitediameterofthenucleon,
isaboutlGeV/c.Thuswemustrestrictour

considerationstotheregionwheregissmall.
It isseenfromthefOrmulaforwzthatthis

istheregionofhighmultiplicitiesofsecond-

aryparticles.

Wewanttoshownowthatsomeproperties




