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1. Introduction SRR _;h

Qur Seminar is called a Seminar on. Honlocal Quantum
Fielgd Theory. However the range of problems we are dealinp

with is much wider, . As a matter of fact, the Seminar is

’1devotedto a review of the status of modern quantum field

.theory as a whole.>fﬁ

The traditional name of the conference is" called to

: enphasize the fact that we are ready to discuss’ also prob-" ’

lems which go beyond the framework of’the canonical ones.

My'talk does not aim at. giving the outline of the prob—_ix

: 1ems to be: discussed _here, the. agenda of the oonference is

clear from the programme. It will be. a brief survey .of . the
present —day situation in field theory without having’claims

- to discusaion of different conceptions.

1 think I am not mistaken.to say-that for the past three

yearsfinterest‘in_the field theory, as a basis for understan—

S .

ding the worlduof elementary partibles),has greatly inoreased,
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Moreover, the times when one suggested to bury completely the TR - where W (LJ q’) is the structu.re function; which describes

.
+

fleld theory amd replace it by the conception of the analytical SR B ' inelastio lepton-nucleon interaction 'Q*‘ﬁ/ f’ *‘4*, ;-
properties of the amplitude seem to be quite distant. ’ T e )= £, E . - is-the energy transferred to the
. _ ] : § : . 2 The
; is-the s uared momentum transfer.
In reality, it turned out that this conception has no ’ 1epton . €Z s the sq !
: AR B is obviousl a notion related
_bases other than those which are presented by the field theory, o R Vlcurrent density d;,(:z:) Y
R . e tain sense 1t supplements the
in particular, the principle of local microcausality: - R to the field theory In a cer ’
4 o ' - notion of field fo) . 1 In fact: )
yy,Jf )] - ’ 2 ¢H) : . ig - T .
[P, )= 0 C(xegio. P ST // x) = e
. ' sy A J'WI) — T
‘ . v : . PR K
Here (X) ana are any two quantum field Lo : c T
. 50 ) sﬂ/y) . d e ) ez s at ! where S is the> scattering matrix. K .
two space<time points JC and y s (.X'—y)< 0 _ | ' _ : ' S ‘ -
néans that the interval o é/ is a space—time one. k . PR . : R
. : ST , Chiral_azmmetrx BRI ’ : RS
Next it was found that almost all the results of the - s . R . e RE
. phenomenological approach can be reproduced or even improved e : o In theoretical calculations muoh attention is paid to
by means .of the field theory. : , ’ N oo L the investigation of the nonlinear representation of /the
) S o ' - o R chiral group. These investigations have led td. the study
II. Review of Some Results of the Field Theory T - o I of essentially nonlinear lagrangians “of the type .
L i . . ) I - ) s . . s ,.. T
Current Algebra 9"!

Recently the. attention of physicists has been drawn to. .

L : SRS A cy e R S B P
AR N .. TR alp zf (J)d.x &x T el

the current algebra by means of which a series of useful

“wherel ‘ ;'jr“is the meson field vector, and’ J? (7‘)13

relations has’ been derived. As an example, we may recall thé metric tensor »in»the same 1sotop1c space. chis tensor 187

the sum rule for high—energy neutrino reactions which 45"~ - . of the form‘ e : B :i{‘ﬁ

‘based on the local commutation relations of’ currents-" *

i N . i -

L 2y =2 o ,7542?3,5?'%) SR L
3., (F)=dee@(F/ 4 TaBtg 6CR 7 ) -
/dw/W (ww w (W;)/~ @ o ag TOTRATIT TS T

LA s = S thé shape of the functions A and f de~Pend_S om Ty

. . ST . the parametrization chosen. I o A
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‘complex variable function. .C

Until recently this la.grangian, was thought of as a
PUIEIJ classic lagrangian” from which, in the spirit of the
principle of correspondenoce, it was possible-to obte.in
relations between different proceSses of multiple pion

production.

Now it 1.3 known that the probability a.mplitudes follo—
winp, from this lagrangian can be calculated by the super-

propa.gator method first developed at our Laboratory, at

Dubna.

§Emmését_9:
The superpronégatorrﬂ (X=4) 15 of tne fomz'
4 (x-g) =2 C, <P (x) (> =
== ¢ [4(x- y_)_]_”, ,

where <__ - _‘> -21s the: vacuum average of the T —produot;

)

.A‘.‘ (X) 1s the free field causal function., The calculation

of ‘the supernropagator"isniierformed by .substituting the
(&) zor the coetticients

C,, - and representing the sum (6) in the form of the
Sommerfeld-\la.tson integra.'l.. This method has yielded some
hopeful results for J Jt interaction.

One has also underta.ken some fascinating a.pplica.tions
of this method for taking into account gravitation in quantum
electrodynamics. Teking into oonsideration multiple produc-

f
1
N

B“(.x) 3“(x)+;f ewx)w,‘ (x) (8,)»._,-_-

‘.tion of gravitons, one has succeeded in deriving the final

- expression for- the field: ma.ss

o _ 34 &, 4T

2 . ‘
. where aC=<e/$c s H 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-
vestiga.tions of the role of gravitation in the elementa.ry
marticle world are restricted Vto the study of cla.ssica.l

models.

Another -trend in the £ield tlieory _isdue to the de_velopment -
of the rema.rlta.ble idea about local gauge invariant fields..
VWie imply here the fields which transfom by the formula

%/(J(‘)— ex/ofzfc (x)ot" (x)} L'U(x)

. o . . . o
The vector fields 8,4 a.re called . compensating fields. ‘
Their particula.r, perha.ps predomina.nt, role in the intera.ction
is given the name of yector predominance. o



b . . o

S o ' N | ' ' P - : ‘ The use ‘of the functiopal’ integration procedure was

Recently this idea. has offered serious hopes’ for combining o ' - . found to be most suCcessful, One has succeeded in obtaining

electromagxetic -and wea.k interactions 1n one scheme. T K ' © . -asymptotic solutions for some optical. models which give the
o A - _optical pictu:re of particle scattering. With certain.’
Ty Mw_ﬂ__ml_t_f_:_}gg T o ST O 3 physically clear approxima.tions it was found possible to

In this scheme the l‘spontaneou.s vacuu.m s‘plitt&ing is of o - - get an eikonal approximation for the saattering amplitude
\~;great importance. In its s1mp1est form, 1f 1s contained in ,

;‘. . N - - o tgg

By
any field theory with nonlinear lagrangia.n. R . Lo . . f e ¢ I/g ) _
s TR R N ﬂ(s’e _ 5 [d%e 7[5 ao
: . s L ml T ’ 47 J ‘ : .
(DP) U/P); e J R
- . R . o . where g . is the impaot parameter, Q - 1is ‘the
- - : ”(w ’ R . momentum transfer, T X(fyis an eikonal which depends on
; ‘the has several minima - e : .
where ‘the potential eneriy D NI o : the mode of particle interaction. ‘The result of these cal-
-t . SN 7/ (e=7,2... ' o S L . -
L for }0 % ( ’ i o L cula,tions leads to the Gauss-potential with logarithmica.lly
‘ . CoTLRTT e 1ncreasing ragge. .
* C This scheme is” very elegant in a classica.l case and . e - S'c'ale Iknv‘aria"nce
o . becomes however very complicated in its quantized form o« " ; -

N ’ c is one of the most interesting results for the pa.st

i

Py " In any case, these 1nvestigations remain an excellent .. '+ - " . years, Two.facts have stimulated its development. First of E
3 illustration of. POSSibilltieS of the field theory. . ‘a.ll, this is the automodel behaviou:r of deeplx inelastic
: ) . . T . : = L - /_ /D .- *scattering- - o s

L Eikonal Approximation R s

The eikorai_ (geomatric;optical) appro'x':uization which was . '

first developed mamr years ago at Dubma . has'prm-red to be ' o

» very fruitful for the study of the ‘scattering of strongly
',int eracting particles.

.

; Ce o T ; o _the omplitude of which, at large ¢~ and S0
. . <~ In the past years attempts have been made to give grounds

. ! : ! . depends only on their ratio,’ so that .
for this method starting from the field theory. i N




6~37///S/q‘)-»’ . e

Then it was found that the total cross>section andvtne cross
section’forrinclnsiye processes is in satisfactory agreement

witb'“longitudinal" automodelity:

i
\

sfaf ~ ca/u‘f K - (12)

; 7,
‘ R 4 in the region of fragmenta—
dG’ el ___-_ /( ? g tion .

tion

ay 9 -
7 ,‘//e ) in the reglon of pioniza-
L

on the basis of the field theory it was s.hown that tbe
automodel behaviour of deeply inelastlic processes does not
contradict the local fieldrtheory. This importantrresuit
has been obttined by studying the amalytic properties of
the Compton effect amplitude for large 57 - whioh corres_
ponds in ‘the current commutator to the region near: the light
‘cone, Scale invarianoe .can surely be expeoted when all the

scalar products of external momenta are larger than all the

hadron masses:

2 i
/‘De >> /77" - including (=) . a3

o

In the language of space-time this condition would mean
the smallness of’all the distances ‘between pairs of inter-
acting particles. Howeverthis is not a physical domain. Using

the methods of summation of the Feynmann diagrams developed at -~

our Laboratory one has succeeded in studying the amplitude
behaviour on the mass shell -andy’ at the same time, obtainlngf
a rather complete picture"ofvhigh—energyrprocesses. '
‘The 1mportant consequence of scals\invariance'isva rest—
riction imposed on the choice of interaction lagrangianse v

In partioulsr, for a system of baryons-and pseudoscalar mesons

scale invariance conditlons lead to a classical case

°2:,{-=¢°5;)}5”$’ +/}0’ S ;‘_(1‘4‘)

under the‘conditionfof finite renormalizations

" Hon g___alr__; Theory

nuring the period considered we learnt to estimate the
difficulty of - constructing the scattering matrix based on }7£
the nonlocal field ‘¢5(3Q) ) 1.e. the fieldrfor whicb}»_f
condition (1) 4s violated. In this connection, a success
has reoently beenachievedin proving the possibility of

construoting a nonlocal matrix LS' obeying unitarity )

Sacs;:] o : _(15)

and macroscopic causality



‘g uantization in th Riemannian gpace- B }

.

I A
5¢(x)a"¢(y) a. - g7 -

The field q_uantization in the Riemannian space p (IJ

' ) ’ ,y of constant . cu:rvature (in the de—Sitter space) would seem to -
In this case the operator I(x‘y}vanishes when (-7-' y) <O ‘

as applied to a definite class of trial functions, It was

-be supplementa.ry to this study, As far as I know,: this 1s

- 3 S T B e o

the first exa.mple of qua.ntization 1n the space with a. metric

- found to be :mecrtant to give a strict definition of the which differs from the Minkowski metrio e.nd 1s remarkable :

.class of trial. functions allowed by the nonloca.l»f field by the -ieot that the ccnforma.l 1nvar1anoe of the 1ag:ra.ngian

b PRI theory. Therefore there appears some pcssibility of calcula.— ( at -0 ) 15 foundto be necessary for a ccrpuscular

tinp the scattering matrix in the case of nonrenormalizable o B . interpretation of the sta.te veotors. S

interactions. - ' T ) »

‘Curved Momentum Space . ) ' ; G e i R

Quant zation of an Essentia.l z N nlinear Fig_g

.In this ccn.nection we ma.y reca.ll the, work on quantization

)  The development of the fleld thecry.methods in the cu:rved of an essentie.lly nonlinea.r field which is approximately de-'

space of relative momenta belongs to the same field of in- ) compcsed ‘into a. classm(strong) (/1( (%) and a quantum.

vestigations, The ie.w of eiz.cxxpation of :r:ela.tive mcmente is . o (weak) field y{x)

1 " changed S : - S - -»‘ P - L

‘éz’(x) = () + 53(;:)'. B Clé)'»

“

g g — 9 @ ? , (17)
e In this oase .the - problem reduces to te.king the Feymnann in—

in accordance With the assumption that the- space 2? (9} has tegra.l with a quadra.tic form, K which has variable cbefficients,

2 i V : S
a constant curvature /a . This cirvature 1s respon- ; g depending on }0{ (.2:’) and consequently, 1s also an - exa-mple

sible fcr the existenceof the upper limit of the elementary- of qua.ntiza.tion in the cu.rved Riemannian space.

particle masses, a peculiar "maximon® with M= % e Mcst‘ : S o b

(I : recently a great success has been é.ch_ieved in o_btaining‘a'.n' ! O

" axiomatic formulation of this interesting theoretical scheme. R : " S E T




Quarks

I do not dwell on- the t.heory of quarks sinoe one has
failed to formulate it e.s a consistent field theory. The
main results of the quark theory are for. the time being mor e
successful when they are ‘obtained from special models, e.g.
from the parton model or by means of the theory of similarity
and the dimensional analysis. S

In the Acase of inclusi#e‘electromagne'tic or weak inter—-
actions it 1is enough to use the usual dimensional a.nalysis,
while, when studying strong inolusive processes, it is ]
necessary to employ a genere.lized dimensional analysis with
two independent length scales, i.e. in” the longitudinal and -

transverse direotions:

III. Critical Aspeocts

Onee the quantum field theory is regarded as a basis
for understanding mioroworld, we should be aware of the faot
that as to our ideas .we, return to the ‘conceptions whioh .
appeared as 1ong ago. as . in the thirties, and we encounter

-very old problene at the new level.

Eonoomple gs of S-Matrix ne!gription

The renormalizs.tion method was concelved by their oreatdrs

as a purely formal receipt for avoiding very small distances ’

o

.

a or, as We.say now, the region of large momentum-. .

transters g ‘/a .

The incompleteness of the S-matrix description does )
not consist in its applicabﬂ.ity only to a definite class )
of interactions, but rather in that, 1t does not in principle
allow one - to.give a description of -the course of..events in

time.

In partioular, to describe the behaviour of ./? mesons
we should specify the initial state at a time moment Zf =0
(rather than z‘, =- oo . )and then for all the time
moments Z, >7, (but not only for t2=+ o ), In
general, the necessary accuracy of time. description is

4t << /[’ ) Where /7 " 1s the decay constant of
an unstable particle. ’ 7 o

However, for the operntor 0/# t,) transform:Lné ’
the state given at a moment ’ ,t, o into the state at a -

moment f’ - one has not yet found methods of removing
divergences, and this old problem can,by no means, be thought
of as eithsr solved or declined.,'l‘he opera.toru, (t t )
itself may, of oourse,* turn out to be a not” quite_.?_strictly

defined notion.’

In nonlooal theory the precise time moments t; ,' t;i" )
may 'be only . approxima.tely defined ones. PR

~

Thus, ﬂ:e ﬁrst and main shortcoming of modern descrip—

tion of- phonomena. in tne elementa.ry pe.rtiole world ‘13" the



incompleteness of the iS—matrix approach. The seoond short— X - SRS o S S
o : : . ST , : ‘ X " An attempt made by Heisenberg'to consider the whole *.-.
. coming is L e - c S Lo :

b . A . . : ' e ‘ manifold of particles on the basis of a unified field

"'E !2!;- - ld Lo ' e T "ﬂi. < ' ("Uhrfeld”) has not -been successful. However, this failure m(':

SRR SR AR Y : removes in no. way the problem of varietx of variables that should

At present each’ sort of stable or unstable partioles be used in describing the structure and, dynamics of elementary

" should be assigned its rroper field. Nevertheless, 1t is

| . I ' particles. T i ' k' - ‘L ' N i W - .' S
- clear that some sequences of "particles" are. nothing less ' } )
than excitations of certain original particles. In any case, - . ‘ _; ) ‘ The most charaoteristic phenomenon in “the elementary par—-
it appears that there ie no doubt’ that ‘such an interpretation YA : p 3 tiole world 1s. the cascade. Every particle A or-an ensemble_
can be applied'm particles lying on the same Regge traJeotory' - . of particles B given at’ t =0 turns asymptotically as_
. s ) t -+ oo into a cascade oonsisting of ‘stable- particles.-

- S E S . R ’ The stahle particles are described by five fields: ,61/' . Coe
S = (m?) : S Q9) g ‘ eratbA11ts
d/ R oo s - 93 , 5[/ GZI and JéS/ . Due to reversibility

I o o LT . AT : L . ‘we can return this cascade in its initial state AL (or B ).

i I 4 p - ) Y . N
T 6/ is the particle spin, /77 is the partiole masse It follows ‘that the variables which are- used to describe an

Followine the Regge. theory, When ex0hanzing an’ elementary ensemble of free stable _particles are. g potent with those ~

particle or a oomplex partiole, the behaviour of the oross'

. used to desoribe any partiole state.
' seotion 1s different. In the former caae there must - not be . :

*observed a narrowing of the diffraotional cone.' Therefore t° describe'any states of Péffibies.ii!ém'
T EEOY , R s . o ‘ ' "f1elds are to be sufficient which, of'coursgyishould not
‘ T . In this connection,;a somewhat unexpeoted result has e :

R

necesearily coincide with the fields of stable'particles}'
" been obtained in Serpukhov when studying ‘backward Jc P

scattering. The obtained cross section as a function of . - ' o 7 It 15 1nterest1ng that tae property called strangen__g
energy S (24 and 40 GeV ) contradiocts the suppoeition - ! ) 154 1s not’ related to table particles. Therefore 1t

that the proton lies on the Regge trajeotory. _}:i ; should be viewed as a characteristic of a certain internal

] R symme tTy of the wave functional
There is no;doubt that etudies of euch‘a‘kind will help:

[ to classify particles and understand their_hierarchy;' ' - <] i » , ;Qv,' o - ;‘_;- : )
A R R T B - Q(so e




which describes baryons, mesons.or leptons in tenns of

primitive fields, R ANE ARG A .

The choice of these fields remains the most important

'problem of contemporary particle theory.

vI. Oo the Limits of Local rheory

Wha.tever the choice of funda.menta.l fields may be, the
supposition on accurate localiza.tion of fields (or cur-
rents) leads to the fe.ct tha.t the wa.ve functiona.ls are represen-: i
ted as e.symptotio series which _are not determined una.mbiguous
This gives rise to the queetion as to wha.t are the limits of

'ra.pplioe.bility of local field theory. '

/ . .
The Point Event -?(x) .

The looa.l theory 1is baeed on the assumption a.bout a
possible 1nf1nite1y precise looa.liza.tion of Lnt__events i
in spa.ce—time A J? (.x) o

The ana.lysis shows that the looa.l theory auows implioitly

‘the existenoe of elementa.ry partioles of arbitra.rily la.rge ,’_

" mass M (M—’ °°) as representa.tives of point events.

In this oase the allowed indetermineoy

. }5 .. 1 o N
AX > —— —>0 -~ = ey’

S

and the local theory beoomes self—oonsist t

However it 'is unknown whether pa.rticles of mass M—’O"

exist or not.

With infinitely 1ncr‘ea.sin'g mnass gre.vite.tiona.l‘ effects
also inorease,- and in the domain defined Lby the equa.lity of
the Compton wa.yelength of a.'pa.rtiole to its éravitatio.pal

Z#M
;/ 03

radius

(22)

(here /(=6' 6'7"/01'm , 18 the Newton oonstant), we arrive at

R

a maximum heavy pa.rticle - gr_‘ ite.tiona.l maximon >
M= 107%

" The problem of the role of gravitation in the elementary

particle world is still debatable. However, ‘there is no doubt ,
that if gravitation plays there any role wha.tsoever this )
role will be appreciable only in the region .

B -32 :
Ag =‘4¢,c =0,2310""em .-

There naturall‘y arisfes the qoestion: 1s there a possi—
bility for the existenoe of an earlier limit for the
elementary particle mass? This problem reduoes 'tc the
problem of the asymptotic’‘behaviour of the ratio:



i il

‘ ‘not exlst .is an attraotive problem, related to the theory

i’ < E>=0 *-*,.<f:«f>*‘0 Ty

of" stochastic s _mgg;

In these spaces the a.rithmetizatlon of events is approxi-—
mate ‘since. the coordina.tes of the event . f (x)
stochastic quantitios )

A

&= +E s

) n particular, if a gravitational field is quantizable then
Ehepaiema.nniax’l slnce k (x) becomes inevita.bly stochastic,.

. where f' ] is the decay wid"h. It is clear that if /-""M L N e . . . - .
‘ then the particle does not exist as a definite space—time C . : v Sonclusion- e . X
object.- B The troubles which are-duento‘;theause of vthe:‘loca_l’. e
If with increasing energy the weak interact‘ion tends . ) field conception have undoubtedly 5°r1°{15 grounds. The LT
to its unitary limit, it. is ‘quite possible that the ratio fact 1tself of the existence of these troubles 1is beJond
I approaches un:l.ty. In this case we are dealing with a any doubts. gn the other hand, we shouJ.d bear in mind tha.t '
: wea.k maximon M=M e ~. Then the 1imit of the looal . 5 ‘the experimental facts are nowhere :Ln contradiction with -
.theory is definea:by‘ the Fermi length . T ' TR = i . ~ the, basic condition oi’ the 1oca1 theory (I) I particula.r
R . : 3 ’ also there.1s not observed any, length scale "' that 4w_quld v
L . : };_ . . 6 . : e : -point_to a.deviatlon. from.locality, Moreoyer‘:the;,beha‘vi‘our i
e A F -FF—E = 0,6x10 cm . Qf deeply inelastio processes. empha.siz_eg gn_t_gr_r;_o_delitt
. ’ y L oot o of phenomena at large momentum transfers.
1.e¢. far earlier. than,dicte.ted by gravitation, e TR et DRI e ey
o . . y . . The only phenomenon that can gayour nonlocality, is ‘the“ -
' A mathematical formulation of the theory in \.‘Vh{Fﬁ the 7-» o ﬁ increase of the-'weak interaotion oross. seotion with_ increa— . |
notlon of. exs.otly’defined coordinate of. a point‘ eirent does ‘ . :

slng. energy- -E -as 1it.follows from the -8tudy of .inelastic,,

processes of the type

B

X,

f- alepton, N

are axw pa.rtioles obeying baryon

where )’ is a neutrino,

a nucleon, and- X o

.number conservation. From the theorstical viewpoint the total

cross section for this proocess contains the length and has

the form : e . .
G, =% A ( ) ( ) :. (25)



where 04 1s the numerical coefficient, /\F‘ =0.23x1b-320m

p7 15 the. nueleon mass, $ " 1s the invariant energy.‘

Recent measurements Show that 1n oomplete agreement with.
(25) we have ..
Gf;£ = (0’ 71_' 0)/(.') Ey‘tl 10'?3.8 cma, o ’

_of the order vf a few’GeV.‘it 1s quite possible

that the cross section for these processes may be comparable
with the cross section of eleotromagnetic processes as was o

_ predicted many years ago at’ nuhna.'

However, whatever the experimental facts may be,the
1mperfection of’the mathematioal apparatus of the local theory
is so obvioue that not only the~ 1nwestigations on the refine-

-ment of ‘this formalism seem to be more than well founded, '
but also any research efforts devoted to the very bases of’

- the local theory deserve every support.

\ : . : .Received by Puhlishing Department
o v : on March 30, 1973.




