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C-ONJECTUB.E CONCERNING 
THE PROPERTIES OF NONB.ENORMAJ..I-%.ABLE FIELD THEOlUES 
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Uo.iver•ity of CaU£orfti&, Berkeley. CaliforDia 

Jack .L. u ... e\aky•• 

aadiatlou Laboratory 
Ulllve.-.alty of CaWo&rola 
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.July 1958 

-· ·~~·'ie .commonly ascn.une.d -that lt le tmpoeatble to pe1'form calc::ulatlcme 

wlth a loe~l uoa.renol'matisable tiel4 theory. Some authore1 ha.ve taerefore 

postulated that noueaoftnaliaable interacdona eaaaot haw phyelcal .•ltatftc-ance. 
We pro.,ose to show by meat~.& ,of a mathematical model that ettcb peaatmtsm 

may be unwarrant•d. 

Coaalder. fozo example, the pro~ato• tot. a boson. flelcl. By ue of 

a •pect•al repl'eeentaUon tblo may be ea,pre•ee4 ae1 

-.~. ·:'( ··-"':·( .. ~ 
dmt,(ml) • 

2 .z .,_ 
p +m .. '' 

(1) + 

The speetl'al clerudty tuactlon cmo be compUted by uee of pel'turbaltoa theorJ' 

for eltber a renormaU•able theory or a oonreo.orraallae.'bletheo~; »-ol' .a 
tenormaliaah~~. theoJ'Y there will be coatribuqna to p(m1) bavtoa au 

'(-~\ ' . 

a&ymptotlc:t behAVior fol' lt.rae rnz •• :lJ , ~Jo m 2• ~ (tn~~)2 etc. 
·m m m _, . 

•su.pport•d l't). part by the OULe• of Ordft&1u:e 1\eeearch. Uaited States Army. 
•* . . . . . . ,, . -

Supported by the United Statea AtOmic_ Etlezoty C:ommhetoa •. 

1see, for example, Han• Bethe •od .Frederic 4e Hottrnaa, Meeoo• and 
Flelcls Vol. U (Jtow. Pete.,-aon, Evanston, Dl. • 1955). p. Z9. 

2H. Lehman. Nuovo eimento ll• ).42, (19.54). 
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Wllec such contributions are sub•tituted into Eq. (1) they yield £hdte 

.-eeults. 

Fo~ e. typical non.r~·no:.rmalbable theory one finds lor p(m Z) a sel'iee 
. a : " . of terms that behave asymptotically ats l, ~ • ~ .. e~. When terms haviDg 

thlst?ehavior are suboUtuted lftto Eq. (l) the integ.-ah encountered do not 

e-xtst and beeause of tbi·& either iiJUCh theories have heeu ab.audoned or cutof! 

£unetloae have been iotrod\leed .. 

We shall now exhibit two functioua whoeo .power-eertes expansions 

(tn ,z, have juat the properties ~ have described. lt le ou poiat of vie:W 
that these (unctions a.rtt to be c:oaat.dered as mathematical moclele tor the 

exact propaptors of the two kinds o£ fieltl theortea -.ve have been. diru:usstna • 

.0 

I.)~ (pl) at , l.Z . 
».a. ... + l'P . p . p;l .. :1.4< 

+ i fz 
mo 

(3) 

Both t.ltese func~~n.s are well defined £o'f r,al, ncaaeto a2 (aD exprfulaioa 

having toughly th~ Corm o£ Eq. (a) has been 4erived by one of us3 starting .from 

pert\lrbation theory). The firet expression has the cbaracterietlc properties of 

a renormaliaable theory and the eec:oud cerl"eiipotlda to a n.on'tenormaU.zable 

theory. Eac:h expression t& a singular fuaetlOil o£ a1 1ft the complex ,z pl~ne 
fo.r those values of g 2 which ee.uee the denominator to vaoiah !Ol" some m.Z in 

the repon ol integration. m each case these •'braoch curves'' extend to the 

ori;ln of the gz platte. Tb.e c:.r\leial poiat le that the first of the two ~o.tearala z . ' 
admit& o£ an asymp~otic expansion about 1 = 0 while the se~Oftd one doee not. 

We note in pasoing that the wave function renormaUzatioa2 

3 ·Peter J. &edmond., (submitted to Physical Review). 



(4) 

ie £irdte !or boUt modele. In. neither c:aae. bowevel'," is a. couplins .. coosta.nt 

expansion poesible. 

It ·seems reasol\able to conjecture .that ali oontdvlal field theodes 

ytelct functions that are iiogW&J: fow vanishiaa coup~iog C9nstant4 ln:&d that the 

diflereaee between re,oo.rmaUeable and notlrenot'maliz&ble .heol"les is that the 

former permit ~sympt~Uc espanelons io. the neisbl;o.rhoodof a2 
r;: 0 ior 

ren~rmaUced •uantitles •. Fu.rthermoJ."e.- we slil'mise that·.in bella theories it 

is possible to obtala spectral deaait'; 1wu:tion$ that yield finite propagators .• 

The s~peetral .fuuctlone "W~a\11<1 be cial~ulated by summi~S approp11iate infinite 

sete of Feynman diasJto.ms. We further eonjectue that. wheo auitable integral 

representations a~e found l.c>r highfii'•C!)I"d.eY CJ~ e., maoy--.pQ:rticlG) propagat.oro 

and vertex lu.nctione a oimilf.l.r eltua.Uon. will ob.tain. 




