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1. Inti·oduction 

Our seminar is called a Ser.tinar on .uo·rilocal Quantum 

Field Theory. However the range of problems we are dealing . . " "':::·: . . 

with i.s much wider •. As a matter of fact, 'the';Seminar .is 

devoted to a review." of the status of modern quantiun· fie.ld 

theory as a whole. 0~-

The traditional name of the conference is; called to 

emphasize the fact that we are ·ready to disc11ss also prob.:. · 

lems whi~h go beyond the framework of the' ca~onicai ones. 

My· talk does not aim at . giving the. outline of the prob

lems to be discussed he're, the agenda of the .. conference is 
• • • • ... ' • _.• • $~ • 

clear from the programme. It will be. a brief. survey .of ~the . . . . . ~ 

present -day situation in field theory without having claims -> • • - • • 

to discussion of different conceptions. 

I think r: am not mistaken. t() sa;r- that for the :r.ast three 

years ·interest: in the field. theory, ;as a basis for· understan-· 

ding the world of elementary :r.artibles, bas greatly increased. 
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Moreover, the times when one suggested to bury completely the 

field .theory am replac~ it by the conception of the analytical 

properties of the amplitude seem to be quite distant. 

In reality, it turned out that this conception has ~o 

bases other than those which are present~d by the field theory, 

in particular, ~prin£iE!e of local microcausalitl: 

[ lfl(x), lfJ(!/)]= 0 2 (1) 
_(x-y) <0. 

!!ere fjJ(X) and Cf'( Y) 
two space-time point~ X 
means that the 1n~erval 

are any two quantum fields at 

and /1 
X-!f 

(X-!/):<:. 0 
is a space-time one. 

next it was found that almost all tlie results of the 

phenomenological.approach can be reproduced or even improved 

by mcansoof the field theory. 

II. Review of Some Results of the Field Theory 

·,~,. 

~!illL~!.ge bra 
·: ·;.. ... ' 

~-) ,. 

RlJcently the. attentio!l of PhY.!Jicists. has been drfl.w:q .. to 

the current algebra by means of which a series of useful 

relations has been: der.ived. As ~~ example, we may' recall 

the sum rule for high-energy neutrino reactions which i's 

'based on th'e local conuinitation relations of' currents: 

jdwjw '''(< .. VJ 2
)- W v'{J,q_J}~ Z, (2) 
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where W "(w~ Cf,2) is ·the -structure.~function·.·~~ich describes 

ineia~tic lepton..:nucleon. inter~ctio~ y + N = e-+. X ';". . . '{ ~. 

CJ·= ·r ·.,;;£· ·.' is the energy transferred to the 
Cv ~ . 

~epton i. q,2. · is· the squared ~~omentum trans~_er. ·The 
.,_. ' ·. . . 

current dEmsi.ty·, JfX) ,·· ;:is _obviously a notion related, 

t.o the field theory. In a certain sense, it supplements the 

notion of field }P (X} . In fact, 
' " : 

;rrx) = : -;~) S-
1
' 

·. (J) 

where S · is the scattering matrix. 

£h!!:!ll~etrf · 
:--·· 

In theoretical calculations much attention is paid to 
~· 

the investigation of the nonlinear repre-sentation of' the 

chiral group •. These investigations have led to the study 

of essentially nonlinear lazrangians ·of the: t;rpe 

a\·,: . '\,X'· . 
. 1' . (.-) d hq ..!!....!J I of = -2 Q · • .;~, .:J X ··J X 

(4) .· 

. . ' d' "" ' v ""' ' :;M ··. ~· 
where ? is the meson field vec-tor, and ·o •, (:A) is 

' . ~"' . 

the metric tensor . in the 'same isotopic' S!BCe .. 'This te~sof is ·t 
t • 

of the form 

ial' (ff) =· .~" arifl?. + $" 1i~ # ri,2
J. (5) 

the shape of the functions 

the parametrization chosen. 
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Until recently this lagrangian.was t~ought of as a 

purely classic lagrang1anfrorn which, 1n the spirit of the 

principle of correspondence, it was possible· to obtain 

relations between different processes of multiple pion 

production. 

Now it is known that the_probability amplitudes follo

wing from this lagrangian can be calculated by the super

propagator method first developed at our Laboratory, at 

Dubna. 

_:!~.lli~!PrOpt!~ ig!:, 

The superpropagator A ( x- j/) is of the form: 

A cx-;;J = .2. en< lf'n(xJ y;n('IJ>= 
n (6) 

-~ _C~[4 ('(X-Jt)) 
17

, 
17 . . 

where ( ____ ) .· is the vacuum average of the T -product; 

L). (X) 
(' - . 

is the free field causal function. The calculation 

of the superpropagator is'performed by substituting the 

complex variable function.·, C (.C) for the coefficients 

C 17 and representing the sum (6) in the form of the . . 
Sommerfeld-Watson integr~. This method has yielded some 

hopeful results for 5f Jr interaction. 

One has also undertaken some fascinating appl_ieations 

of this method for taking. into account gravitation in. quantum 

electrodynamics. Taking into consideration multiple pr?duc-
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tion of gravitons, one has succeeded in deriving the final 

expression for· the field mass 

J'm = 3a~.. &, ( 4-T ) , 
/77 Lt 5I X 171 

(7) 

e:z 
, where «. = · :.1 t' , de is the gravitational constant. 

As far as we know, other methods do not allow us for the 

time being to take into account in a consistent manner 

quantum gravitation phenomena, and the most interesting in

vestigations of the role of gravitation in the elementary 

particle world are restricted to the study of classical 

models. 

· l.!Yl8::1Lil!§_Uill§. 

Another-trend in the f1eld tlieory is due to the development 

of the remarkable idea about local" gauge invariant fields •. 

We imply here the fields which transform by the formula 

''f(x) = exp(i.fez;rx)J.a(XJ) L/Jtx) I . (8) 

B;,., a(.x) ~ B,~t «(x) + J la~~j;ot "(x}+ Cj., ~ Q-(x). (8') 

The vector fields BA« are called compensating fiel~s. 

Their particular, perhaps predominant, role in.the interaction 

is given the name of vector predominance. 
'-'- :' ~. 

\. -- - ~ ... 
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Recent~y this idea has,_offered serious' hopes· for combining 

electroma:fihetic _and weak interaction's in one ·scheme. 

va~ul:!!!!...Splill!!!E .• 
· .. 

In this scheme_ the.spontaneous vacuum splitting is of 

· .. great importance •. In ~ts simplest- form, it is contained in 

any field theory with no:iu.inear lagrangian: .. 
'· 
·~="I (D'f)2.-f/(JP} J . z . . . (9) 

where ·the 11poteni;ial energy" . [/ ( ~) has several minima 

fo/ ¥'= ~ ··(i=11 1.--.). ' ... 

This scheme is·' very elegant in a classical case_ and 

becomes however -v:ery complicated in its quantized. form • · 
' . 

. _, 
- ;.1-· 

In any case, these i~~eStigations remain an excellent 

illustration of p'osl!ibilities of the field tlieory. 

~ ik~!..._Ap.m; 2E!!!i!ll2!! 

:. The eikomi (geometric..:optical) approxiiDation which was 

first developed many years ago at·Dubna has'proved to be 

very fruitful for the study of the ·scattering of strongl.y 

.int eractin€; p3.rticles. 

-··· 

In the past years attempts -have been made to give grounds 

for this' method starting from. the field theory. · 

.. 
'. 
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The use of the functional integration procedure was 

found to be most :successful. One has succeeded in obtaining 
. . 

asymptotic solutions for some optical models whic4 give the 

_optical picture of particle scattering. W~th certain. 

phisically clear approxtmations it was found possible to 

get an eikonal approximation for .. the alSattering ampl:i.ttide 

.II (s7 'I)= s-. (d·2ol e i'J8[t' i_Z(8;,s)_ .J·•. 
$-7fl f' _ . L . 1 , . (lo) · 

where · ·--~c is the impact parameter, tJ - is the 

momentum, transfer, X(f,s}is an eikonal. which depends on 

the inode,of_parHcle interaction. The result of the~e cal

culations leads to the Gauss-potential with logarit~~ie&lly 

increasing ragge. 

-' 

§.cale Invarj,an!Ut 

is one of·the most.interesting results for the past 

years. Two.facts have stimulated its development. Fir~t of 

all, this is the automodel behaviour of deeply inel~stic 

·t'- ;P ·scattering-

s 
p .. 

. a 2. 
t~e !lmplitude of which,_ at large r . 

de~ends only on their ratio, so that 
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6,..,: /(~z). (11) 

Then it was found that the total cross section and the cross 

section for inclusiye processes is in satisfactory agreement 

with "longitudinal" automodelity: 
/l 

5 ~o-t __, eons C (12) 

d 5...:._;.,~ == f!·x /{t~ 1 ~) in the region of fragmenta
tion 

dtj 9 "/(fl:t) . in the region of pioniza
.. tion 

On the basis of the.field theory it was shown that the 

automodel behaviour of deeply inelastic processes does not 

contradict the local field theory. This important result 

has beim obttl.ined by studying the analytic properties of 

the 'compton effect amplitude. for large 9 whioh corres-

ponds in the current commutator to the region near the light 

·cone. Scale invarianoe .can surely be expected when all the 

scalar products of external momenta are larger than all the 

hadron. masses: 

\ 

PP. >> .m 2 
' J 

including i=J (lJ) 

10 

/ 
In the language of space'-time this. condition would mean 

the smallness of'all the distances between pairs of inter

acting particles. However this is not a physical doina:i.n. Using 

the methods of summation of the Feynmann_diagrams developed at 

our Laborator,y one has succeeded in studying the amplitude 

behaviour on the mass shell and,- nt the same tiine, obtaining· 

a rather complete pictur~ of. hiGh-energy processes. 

The important .consequence of s'cale· irmiriance is a rest

riction imposed on the choice of interaction lagrangian:;. 

In particular, for a system of baryons and pseudoscalar mesons 

scale invariance conditions lead to a classical case 

~~ = ! ij J;. 'f/ 'I + / JP f (14) 

under the condit:i.on· of finite renormalizat1on. 

!i2nl!!.Cal Fi!l:UWU 

nuring the period considered we learnt to estimate the 

diffic.ulty. of constructing the scattering matrix based on . . ~ . 

the nonlocal fie~d · ¢fx) , i.e. the field ~.or _which 

condition (l) .i,s violated. In this cQnnec.tion, a .-succes~ 

has recently ·been'ach1eved in proving 
" .·. ' . ' ·.' .. . 

the possibility of 

constructinG a nonlo.cal.matrix .f: ... " . ,, a 
obeying \mitarity 

+· . 
~~=1 (15) 

and macroscopic causality 

II 
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S:, .= .J((x-erJ. a ¢(x)cJ"¢{y) 
(16) 

In this case the operator.J({.x-,!f}vanishes when_{.x-y)~O 
as applied_: to a definite ·class of trial functions. It was 

found to be important to give a stri~t definition of the 

.class of trial. functions allowed by the nonlocal field 
• .- . I_. • 

theory.·· Therefore there appears some possibility· of calcula-
• • {'<_ •• 

ting the scattering matrix in the case of ncinrenormalizable 

interactions. 

··curved Momentum Space . 

The development of the field theory:methods··in the curved 

space of relative momenta belongs to the same field of in

vestigations. The law of summation of relative momenta is 

changed 

. 9(+9-2- ~ $fJ,. 
. . .. 2. 

(17) 

'in accordance with the a~sumption that the space ·Ji?*' (9} lias 
.. n-/ 2 · .. 

a constant curvature /a . This curvature is respon:... 

sible for the existence-of the upper limit of the elementary 
. IV ./{% particle masses, .a peculiar "maximon" with , 7 = a ·. Most· 

recently a great success has been achieved in obtaining an 

axiomatic formulation of this interesting theoretical scheme. 
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·ouanj;~£n.l:!L!hLR!.!!J!!Il_nn·~-~~---

The field quantization in. the RiemB;nn1:in space J2~ (x) 

of constant curvature. (1.n the·. de...Si:t;ter' spa_ce) would seem to 
~·- ' . . ·- . 

. be supplementary to this_. study~ As far as l know,· this is 

the first example of quantizati~m in the._spaqe with a.metric 

which differs from the Minkowski metric and.is remarkable . . . -.. . ·_. ~ . ~ ·. : 

by the •'fact that. the conformal invarianoe of, the lagrangian 

(at ·m-o. ).is foimdto be necessary for a-corpuscular 

interpretation of the" s'tate. :veot'ors. 

Q.~ization o:f an !~1iaUz NonJ,inear E.fill'. 
. ........ 

:Ill;_this connection we _may r_~call the. work on,.q~ntization 

of an essentially nonlinear field which i_s approximately de-· 

composed 'into a. classic.(strong) 
. "' . 

th (x) and a quantuin . 
Y'r~ 

(weak) fi~ld t?(x) 

JllrxJ = Lh(xJ + cJr.xJ. r· rc~ (18) 

In this case the problem reduces to taking the Feynmann·in..:. 
• i !. 

tegr~'with a quadratic form,. which has variable coefficients, 

depending. on ~( (X) . and consequently, is also an exam.Ple 

of quantization 1n the curved ·Riemannian space. 

13 
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I do not dwell' on the· theory of 'quarks sinc'e one hAs 

failed to' formulate it a:s a consistent field theok;r. The 

main results of the quark theori are for. the time being more 
•' 

successful when they are 'obtained from special models, e.g. 

from. the parton model' or by means o·f the theory of similarity 

and the dimensional' analysis •. · 

In the case of inclusiye electromagnetic or weak inter

actions it is enough to use the ueual d1mensional analyais, 

while, when studying strong inclusive processes, :it is 
.r<· -

necessary to employ a generali~ed d1mensio~l analysis with 

two inclependent lengtli scales, i~e. in'._the longitudinal and 
i: 

transverse direotionsi 

III. cr:i.tical Aspects 

Onoe the quantum field theor.r is regarded as a basis 

:tor und.erstancJ.1ng micr()world, we should' be aware of ,the fact 

that as to our :S,deas _we .. return to the conceptions which 

appeared·as long ago as in the_,th,irths, ·and we enqounter 
. i 

-very old problems at the,new level. 

loncompletene!J_of_!_-1!1!!!~9ription 

The renormalization method was conc~ived b;r their _creators . 
as a purely formal receipt for avoiding ver;r small distances 

14 

« or, as we say now, the region ~f large momentum 

trans~ers ~ • ~ 

The incompleteness of the S-m6trix description does 

not consist in its applicall11ity only to a defin!te' cfii'ss · 

of interactions, but rather in that, it. does not .. _in.:principle 

allow one to .g1.ve a description of.~the course of, events in 

t1.me. 

In particul~, to d_escribe the behaviour .of .Ji:l mesons 

we should specify the initial state· at a time ~oment t~ =0 

(rather than t., ,. - oa ) and then for all the time 

moments t
2 

> 't., (but not only for t'.f = +- oo ) •. In 

general, the necessary accuracy of time description is 

At<<~ J where F is the decay constant of 

an unstabl-e particle. 

Eowever, for the opera.tor t/(t.z tf) transforming 
J -

the state given at a moment t" f into the state at a 

· moment t 
2 

, one has not yet found me_thods o~ removing 

divergences, and this old problel)l can,by no means~ be thought 

of as either solved o~: declined. The operator~. (/ ( t; t 1 ) 

itself may, of course,- turn out to be a not··iluite .• _strictly 

defined notion. 

In ·nonlooal theory the precise time moments t~ , t j. 
may be onl;r .. approximately defined ones. 

Thus, the. first and main shortcoming of modern descrip-
~· f . • - • . .. . ' .. 

tion of-phenomena in tne elementary particle world is the 

15 
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_!ncom;gleteness of ·the 'S-ma.trix approach. The s'econd short

coming is 

. J,bund&Jl.!,L_2.LU£lli 

At present each sort of stable or unstable particles 

~hould be-assigned its proper f~ld. Nevertheless, it is 

clear that·some sequences of "particles" are_ nothing less 

than excitations of certain original particles. In an.y case, 

it appears ~hat there is no doubt that such a.Il interpretation 

can be applied to particles lying on the same Regge trajectory: 

y·=d(m 2
) (19) 

• 
/ m is the particle mass. is the particle spin, 

Following th.e Regge theory, when exchanging an· elementary 

part;clecr a complex particle, the behaviour.of the cross 

section is different. In the former case there must not be 

'observed a narrowing of the diffra.cticnal cone. 

In-:this ~{)~ection;. a somewhat unexpected result has 

been obtained in serpUkhov when studying backward A 4-P 
scattering. The obtained cross section as a function of 

energy S (24 and 40 GeV ) contradicts the supposi~ion 

that the proton lies on the Regge ~rajectory. 
" '1"': 

There is no doubt that studies of such a kind will_ help 
. ,;: ~. 

to c~ssify particles and understand their.hierarchy•' 
·. 
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An attempt made by Heisenberg to consider th'e whole·'.·. 

manifold. of p&.t:i:cles on the 1iasis of a 'unified fielc:f . 

("~fel~~)-~as not -been sucdessful. However~ this fa~ure 
removes in no. w~y- the -'pr.obl~m of _v~ria~z or; variab~~s -~~~t, £hould 

be used in describing the structure am, d;rnS.mics of elementary 

.. particles. ,, .. ~. ' ~ : 
,><'• 

The mast .characteristic 'phenomenon in' the -elementary· par-: 
. . : • ~ · •• 1-,: . 

tiole world is._ the case!!&~ Every particle A or an 'ensemble . 

of. particles B giv~n at' t
1 

== 0 turns_ asymptotically,as 

I; - + 00 , into a ca_scade consisting of\ table • part-icles.·. 

The.: stahl-e ~rticles ·a~e: de;_?ribed by five.:.., fields: :·* _, : 
1/{, tfte 

1 
. 'f'v.,., _ and -!r . Due to re~ersibl:!:ity 

·we can return_ this cascade·' in its initial state A" (or· B )~ 
~ '•,· I " 

. It follows- that the variables whi~h are used to describe an 

ensemble ·o:f free stable particles are ~ipoten~ those 

used to describe any particle sta~e• 

Ther~fore to describe any states of particles f!:ci ··. 
fields ~~e to be· sufficient. which, of· cours_e·, ·should not 

necessarily coincide with the fields of stable .particles •. 

It ia interesting that the-property cal.l~d strang[g~ 

-~ is nat'reiated to stable pa~t~cles~ Therefore.it 
. '.';-.-

~ ~ ~ . ~ .. 
should be viewed as a characteristic of'a certain internal ::. -
symmetry of·the wave functional 

.. Q.;== Q ( <f1--- ~J. '.:', 
(2o) 

., .•\ 

/ 
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which describes-baryons, mesons.or_leptons 1n tei'IIis of 

primitive fields, , • ~ , ~· ~ ~.. ~ . 

The choi~ of these fields remains-the most impo~tant 

problem of contemporary particie theory. 

VI. On the Limits of Local Theory 

Whatever the choice of fundamental fields m~ be,the 

supposition on accurate localization of fields (or cur-

rents) leads to the fact that the wave functionals are represen.,.: c 

ted as asymptotio_~eries which are not determined unambiguouslz. 

This gives rise to the question as to what are the limits of 
'· 

applicability of local field theory. 

! 

~~!!:i_!vent :f(x) ; 

The local theory is based on the assumption about a_ 

possible infinitely P!ecise localization of ~B!~~ 

in space-time l?f' ( x) .. 

The aDalysis shows that the local theory allows implicitly 
'- ' . . . . ... . . .. . ': ' .. -. ~ 

the existence of elementary particles of arbitrarily large 

mass J./ { 11- 00 )' as repres~lltatives of point events. 

In this case the allowed indeterminacy 

A X ~ _E_ .:....... 0 _,. (21) ~ 
u -Me -

II 

-·. 
and the local theory becomes self-ooa~!Ui· 

However it is unknown whether particles of mass M..,.... oo ... : 

exist or not. 

With infin~tely increasing_ mass gravitational· effects 

also increase, and in the domain defined~y t~e equality of 

the Compton wave length of a particle to its gravitational 

radius 

,..-..J 
ZltM 

c.J 
(22) %c 

~ _, 
(here H = 6, C'l·to <m

3 
1 is the Newton constant), we arrive at 

g.Hc • . . 

a maximum h.aavy particle - sravi!!llJa!L~:!!.!l!m ' 
, . 
. ""·· 

: N = u ~ 1~:·10-s/J . ~"~3 ,J • ' 

The problem of the role of gravitation 1n the elementary 

particle world is still debatable. However, there is no doubt 

that if gravitation plays there any role whatsoever this 

role will be app:t:eciable ,onlr _in the region 
• ~ . . - 3-2 

It 3 = ;JN
1

c = 0_, 2 3 ·10 · l!h1. 

There naturally arises the question: is there a possi

bility for the existence of an_ earlier __ limit_ for. the 
' _s,_ 

elementary particle mass? This problem reduces to the 

problem of the asymptotic 'behaviour of the ratio· 

r=%) (2?) 

19 
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·where r is .. the decay wid,th. It is clear that· if r~ M: 
then the particle does not exist as a definite space-time· 

object •. 

If lYith increas-ing energy the weak interaction tends 
-~-. !< ' 

to its unitary lil:iit,· it,is·quite_possible tha~ the ratio 

·J approaches unity. 'rn th.is case we are dealing wi_th a 

weak llJC;:I,A.~luu • Then the limit of the local 
-- f• •. --, --~ -~.~ ~~-<'~.-;-- --- 'i• ~ ~-~·-<" -- " ~~.-•• - o- •-- ~-- ~.-.-~~~-----,----~---~~---- ,-----------------------

> the·ory is defined by the 'Fermi length 

t 
AF. NFC 

o.6xlo-16 om 

i.e. far· earlier. than dictated -by gravitation. 

.. ~ 

A math~matical formulation of t~e theory 1n which the 

notion of. exactly defined coordinate of .a· point- event do_es 
'. ' not exist is an attractive problem, related to the _theory 

of·stochastic spaces. 

In these spaces the arithmetizatlon of events is approxi• 

mat~·· ;ince the coordinates of the. event " :!' ( x) are 

stochastic quaatitiea 

A J\ 

.x ....... = .x.-oc + 1_...,·: (24) 

and- < f )::::.0 .·.. ,.. <i.t> -1-·0 
1'4 

+) 

' 
+J'i;-"' particular, if a gravitational field is quantizable then 

the Riemannian BIRO~. Jl~ (:x:) becomes inevitably stochastic. 

20 
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' ' v. Conclusion :,2: 

,.·-· 

The troubles which are due-- to the ·.use of the :local •,'•#. 

field conception have ~n1doubtedly __ ~!::_i_o~~ _ gr_o_und~. '1.'11.: -·~ 

fact itself of the e~istence of these troubles is beyond 

a.ny d{)Ubts. Qn the other hap.d, We should--bear in mind that 

the experimental facts are nowhere in contradictionwith 
. . . . . . . ... ... . .. ·. . -~'-----~~ 

the. basic. c~nditio!l of the local theo~y (I)! . rn part~c~or. 

also there .is not .ob,serv~d any~ length scal_e_ ."C1". that would ::: 

point. to a deviation. from.locality. Moreover .. th~ behavi_our , ., 

of deeply inelastic processes. emphasize_d !!J!i2!!!Qdelity_ 

of phenomena at large momentum transfers. 
., ' ' 

The. only phenomenon tJ;Lat o~n tavournonlocal1:ty,isthe 

increase of the. weak .interaction_ cross. section· with.incr.ea-
.-

sing, energy ·E as it. follows from the study of,.inelastio,.,, 

processes of the trpe ... . . ~-;_ 

y + N - e + -x--, ,· ·. 

where -y 1s a neutrino, e- a lepton, N 
a nucleon, Sz'td · ' X-. · ·are: an"; pai.h~les · obeying. baryon 

_number conservation. From the theoretical viewpoint the total 

cross section for this process contains the length and has 

the :form 
2 . 

~(me) (. s ) 
Gt.,-t=ot. ·AF. _.1 m~ , (25) 
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_ • .!! ... 

where ol. is the numerica1 coefficient, A F =0· 2.3xlo-J
2cm, 

/?1 is the nucleon mass, S · is the·invariant energy. 

Recent measurements anow·that in complete agreement with 

_(25) we have 

f5i.t = (9, 7:t O,llt} £ 11 l0"7JS cmz, 

for E~ of the order of a few GeV. It is quite possible 

that th~ cross section·for these processes may be comparable 

w1th the cross section ~f el.eotromagneti.c processes as was 

predicted many years ago at nubna~ 

HOWever; whatever the experimental facts may be,the 

imperfection of the _mathematical api»).ratus of th.e local 'theory 

1s so obvio~s that n:ot oill:y the investigatioils on the refine-

· ment of· this formalism seem to be ~ore than well founded, 

but also any research efforts. devoted to ·the very bases··• of 

the l.ocal theory deserve' every support. 
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