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Abstract of the paper to be presented at' 2951h neeting
finerican Physical ,'soeiety irrChicago, November 29, 26,

S-Matrix ln NonlocaL Field theory

Ilideki Ttrkarra

Colunbla llnlversitye New York, N. Y.

Itre problen of the interaction between nonlocal flelcts, vuhLch have been
(r)

investigated by the author, 
- is dealt w5.th so as to give a definite content to

Heisenbergls S-matrix schere. Ttre space-ti-me average

S = S"\ c? ls I # ) @arf cd'$)'
of the natrix elements Cr# Sl li) tor an arbitarry operator S, wtrich can be const'nrcted

from nonlocal field quantities, is itself an operator, which can be represented by a

natrj.x with rors and columns characterize,i by the mmtber of parbicles of varlous kinds

in vartous states. tte natrix eLement ofFis different from zero, only if ttre rov

and the colurrr beLong to the same values of the total kinetic energy and t'he total

mornentr:n. Thus the conserrration larns for eollision processes are automatical3-y

guaranteed by defining the S-matrix as the space t'irne aver.g" T of the matrix element's

of a certian nonlocal operator S. The fu-ndarnentaL equation for S can be obtained by

taking into account the correspoRdence to the usual 1oc51 field theorly in the ltnit of

vanishlng ra<tii of parLlcles and has the fotm

S-f = W+ WD+(S-I),
where llf is an invariant operator characterizing the interactlon of fields in question
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FeSented出 29知

穏す蟷 薔∬Anerlcan■ysica■  Soctety ln Chtoago, N● ・

S-tfaft{x tn l{on]oaal Sleld &coly

Ifl.dGlC luksre

CslrmbLa llrlvercttyr !$ent lork, !t' T;

the pnoblen of tJre lntaresttq betreon nonloael f:ields, nh!.oh bart been
(1)

tnvegbtgated by ttre authorn-' t, d€4lt wlt*t so as to giw a deftnlte oontent to

!trelsenbergts s..natrlx saheu6. tlre cpaottLne evorsge
cfs = \,.\ r xilsl r;)ca$)+taxp+

of the motr{x e1ementa (l*lSlXrl') for an arbttary operaior $, 11hLch oan be oonstr"uoted-1 /
from nonlocal fteld qgantltiese ts ltselj an operotor; thlch can be repreeentod W a

netr'lr rrrtJr rm g'rd aolrmnc ahcraoterrlzed by the nruber of partlcler of varLotts klnds

ln varltorr| gtatsr. &c naf,rtr cLonent og F ls dlffcrout frq zero, only lf ttre ron

and the oolwr belong to tbs rmc valrrer of, tlro totel }dnatl.o enargy and t'tts total

momentrn. Srus th6 conselsatlsn l*rc for oollj.g!.on proocsaes ane autonatlCalJy

guaraateed by deflnlng the S.+rnatrt* as tha qp4ec tl-nc average F of the rnetr"Lx eLoents

of e oertLan nonLocal operetor S. lre findmental equaflon for S aan be obtatned by

tsktlg Lnto account tbe oonespondence to ttre usu81 loce"l fleLd tbeory tn the Llrrlt of

vani.shlry radll of partlel.al and heg 'lihe fom

S - I = W+ \AfDt(S-l),
w?rerc tr lc an lnvartant operator oharacterlzLng trtre tnteractlon of fleLds jn queatlon

*6 Dt is en operator, xrbleh is lnvarlant and !-ndepcudent of fteLd operatorc rrlttr

thc psopertioc etniler ts JO-fot"tL* ln usu&1 tJrcorlf.

①
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S.t{s[rflc !n l{onlooe.l nefd Scory

Ifl'ddd. Xirkmrn

0olrnbLa lfrlvurattyr NEtr Xot*t N; f;

ttre problcn of tn3 t$tcrsnotcr b0tilem Eonloael f,Lcldr, *htoh haw boan
(1)

ftmstt'get€d W ths $rtlurt ts dc*lt tfltx so tl to gfw E &f;Lnltc cmtsnt to

go!.saibgtgrs S.{str*G gohm, ltrc rpaac-t'lno s?rtrcgp

5 = S"!c"1 rst ,P@'/)"'4)*
of, t&a natrtx elcrouts t",llStI^) fo" an ar&!.tay opsrstor S, fr''oh oa be constr'trotod

//
frm nEnloaal fle}d qualntltl.crl le ttsel,f, a$ qscrrtort qhr'6h cu bc rcprermtod by a

netrlx rltb nonr ud soXrmrs olnrestor"laed W ths runbar of ps{tctor of vslous ld'nds

tn varlour otetor. &c netr{r clmt og Ftg ag,ffi$rp16 frq aq'ot mly tf, t'hs rffi

and gE eoLrsr bglsg to tb. rala neLur of tlp tortrX ldnoo!'s JErgy and t'hs tot&l

msrtrn. I'rus t&s ooasorffiit!.on lm for oollLa!.on pre€ct3s ar!! antmrfiloa[y

guarg1tood W dafinfng tbs S'.sgtrlx a! ths s*ssc tLn awragp F of tls nat'r$c elqentc

of a aertlan nonLsoa1. op*etor S. 8rc findmntr,l oryatLon f,or $ cs bc obtalned bf

tatd$ Luto aoaomt t*ro ooc.racpoad$m. to th'c usrtal losal f,!-eLd tJreoty L! t&e lLutt of

vsrlafdng rad"ti of, p*ttclsl and hrc ths fort

s- t _ w+wD*(s-\)
wtr€,' lf La en lnrarLmt spcrtor alrarastertrlw 'lilrc tntaract.on of flelds ln quertlon

,od D* ir an qcrr$ot', rftlab te l-nTtllsnt and fndcprndant of t[e1d opcnatora rlth

憮 prOo3■e8銀 ●r tOみ
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二bftra●t ,f tll●  1り■per to be ,resented at :192nd F.looting tDF tile i1lerЧ  caュ
1シキIンSi Ca■ おociety in l'ashil■gtoァ t, わ.C,, 11)ri■ ri, Ill', 3r3, ■9れ,9

1)I〕 卜oll■ ocatizat)■ o llie■ d lrileOry

:通 cわkt■lkttra

lnstitute ftpr ■dvanced :itti(サ , Princeton

fio辞 si_bility 01' 争xtending ンrettent theorす  01 暉v3rti7JO■ ざie■ t・l to J」 イゞgellera. cdse,
in Lぬicll.fie■d ouantiti.es are not ■●ca■izltJ■e, was discus3od Focont=り・ i ll ●01lnecし ion

(■ )

1lith 3orrlls idea o_f reciprocity.     ■n o=〕der to deve■ 3pe atty con3istellt tlleoこ y of

tTo or■ore ■o■■oca■izttb■ e Fie■ds i.nteracting with eacn other, it is llecessarγ・to

avoid e=P■ iCit use of ttchroedintter e■ llation or・ ュニy 蓄1lbstitute fOr it, 油 icn dete皿 lle s

the cllange oF I〕 rO・babi].ity amp■ i・しude ttlrj■ g an illFi_nttettima■  til■o l.1、terva■ .  二n integra■

(2)
for■la■is節 , Tllich wa・. suggested,y DiraC and (ieve■oped recOritly ●F Ileyanan,  can be

extended 30 0S tO cover non■oc二■izttb■ o fic■d しheotァ .  Iαme■y, 1" calt start frσ ttl the

p●諄tu■ate that probabi■ ity emp■itl■de bo機feen通3asl■relne夏じs of any t■ ′o Se・し8 of Fie■d

tuantities is given by re■evant ょnatrix ●■ettent i_n the repre3● ntatioll of al l通 tary

operator lヨ e=p13/i■ithふ・ co■st.Tracc ll,滅 lcro L]_3 an Operatoご co(lre8Pondillg

to lagrangfネn density in o■ al:sica■ Fio■d し1loo■ly.  ■0■ ιl10re i8 no ll,beraction bett・ reen

fiel.ds ri ShO■ ld“ 山 ce toむ o■ 滋 ntittopむ
・
由 oォ corresp●饉 itt to tha F鉾 し thtt the

dtetribrrtion 'in :-r.rrnber cf s:gr ktnj. cf particle asgcctatod vrjth aily "{l.ad of freo fte}d

rematns tire sane for over. Thls 16 actually-thE case.risr free fi.el.ds prevLor-rslyiW
oo;rq1<iero<i. jlre irrteraetion bei:'E*eon floldd(gilrer/ rise to ucat,berrlng trr very i;eneral.',^.,&.itv 4,*

\:d€h''is rer,,ruducecl in the coiresponrllng :natrlx re.aroeentatton of tha ouerafor d.

絆謂
3J'3r9講
観;極
01撃

:急ぷ鯛漱も『買iキ ,

Ser13e
ノ
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On Non■oca■izab■ e Fie■d Theory

Lden Yuktta

lnstitute for Advanced Stucy, Princeton

Possibi■ity of extending present theo=ァ  of quantized fie■ d tO moS/genera. caSe,

in rryhich field. quantities are not localizabler was dl-scussed recently in connection
(1)

with Bornts idea of reciproeity. fn ord.er to develope any eonsistent theory of

two or more nonlocalizable fields interacti-ng with each other, it is necessary I'o

avoid explicit use of Schroedinger equatlon or arry substitute for lt, which detenuines

the change of probability arnplitude during an infinitesind time interval. An integral
(2)

fonnalisn, which was suggested by Dirac and developed recentJy by Feynman, can be

extended so as to cover nonlocalizab3e field theory. Namelyr we can start fronr the

postulate that probability anplitude between measurements of any two sets of field

quarrtitles is given by relevant matrix element in the representatl-on of an mitarry

operatcr * = ex? is/,h with S = eonst. Traee L, where L is an operator corresponding

to Lagrangian density in classical tt:}1 theory. }'lhen there is no interaction between

lL l-
fields, W should reduee to the identy'ead- operator corresponding to the faet that the

dlstribution in number of any kind of particle associated with any kind of free field

remains the same for ever. This ls actually the case for free fields previously
GE-r-fe,

copsidered.. The i-nteraction between fielcG-'ilfGsf rise to scattering in verTr general s

#lr;t;--- ' " T

llfbi.h'i; reproduced in the coresponding rnatrix representation of the operator 1'Y.

■

２

Yukavae Prog.
Feynman, Rev.
Princeton.
脚rttSf'3:;9こ;都ンふ:°1鮭iRI:∴ lli鷺慮eF::最キ,
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∞
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tlle cIほ ntt oF inrobability =rり ■ituれ dllring an i_nfi lli_tesina■ tine interva■ .  :in integral     .=_110
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fonl■ 1鋼l,計ich was suggostedけ Dirac antt deve■oped recett■y tt FettLcan,ctt be    三20
ex‐しea■od soじ s to covor non■ oc31_izttbl.e field theo専。 どヽ総貯,■健Ctt Strt fron tlle    =

‐ 130

postu■ ate tilat probability 31nplitude betileen meastlrel:ionts of anゾ  むざo sets of ri_e■ d          ≡_
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JO繊 助 .Dattolv:

I sent to yo■ 嚢bstract oF the paper to bo presented at Wbtthincton■ eeting,

but l suppose it =50aChed you ■ater than the doad ■ine, because the deユ 葛r must have

de■ュyed・due to shorb postage,which l neticed arteF tt had p● sted at Syracuse On

lttrch 2nd.  Of oolrse, I do neitller oxpec・ t that 町  ごbstract Tri■■be inc■utrled i,n the

program, ■or it wi■■be orinted in Bu■■etin.  The only thing thaヒ エ ask you iS that,

iF it happenS bv a=y chance that the dbstract id going to be pib■ Ished l■ Bu■■etin,

p■eage co職、ct the Fo■■owing error in tho mant18cript,

Ab8tract of the paper entit■ed l:On Hon■ocalizab].e Fie■d Thoo■・ が' by
Hideki Yukava

■■ th ■ine8            change  S ■ 9ongt・  Trace L    into l:｀驚 退 t. L

I ain very sorrlf to i;rouble yon on such a thing.

Yours sirrcere\rt

Hi“五 V曲師 a
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