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It is ':Ln'lporte.nt: for the problens Vto be considered below’
tha.t the metric (1) 1s indefinite. Hence, it follows that  the

not:l.on of nearness of two events J and ? in the- J? (.x)
space is not'an imra.ria.nt notion and may be formulated only
as applied to the given frame of reference =.

These are the most important features of geometry,
rather ch;ohogeometry[7j » which is the content of-speoial
relativity. "

© It is also possible to choose another method of arithme-
tiZa.t:I.on of events and thereby obtalin another, geometry.'

The basic advantage of the method suggested by the .
Einstein theory of relativity consists in tha.t it 1s Just
this method of arithmﬁtiza.tion that reveals invariance
of fundamental laws of physics. A law whioh in the frame £
is expressed by the ‘relation - ‘ i a

/[‘[A)le;.) =0 o (3)
in the frame _-é 1s ‘expressed by the realtion
S * (3.
F(ABX..) =0,
~ where /27-) 5} -?_C)'_- are scalars, spiners, vectors or tensors.

Therefore not. any heans of arithme tization is walid . The
means of a.rithmet:l.za._tion must be, first of é.ll, ph,ysica.lly
realizable ( at least in an ideal experiment) and, secondly,



maximum universal. The 1atter means that 1t must be based on’
: the widest range of phenolena x.
Here we .can stop the description:of the- method:of arithme-;
tization of events ccmmonly. accepted in olassio relativistic
physics. '

In what follows possible restriotions on this method are

oonsidered, which are seen:to be useful for understanding

more complicated situation 1n the worlds of elementary,particles.;'

2. Eossible Re Restriotions on the Ar;_gletiz
’ ' Agcepted

In classic physios, to the oonoept of point—like event I(ia
there well oorresponds the oconoept of material point - an _
objeot of finite massékcfajand 1nfin1tely small dimensionsﬂa-—q}

In virtue of the faot that the spaoe d? lﬂy 1s assumed to

e e

be oontinuous, at each of its pointa one oan oonatruot a apaoe'

T

of tangent vectora of infinitesimal displaoemanta and a
covariant momentum spe.oe ép ( / 'l‘he metrio of this spaoe
1s also indefinite and has the form

. d/D ¢= /o/ﬁ'z_vdﬁz, . : : (4)

X Thus, for example, the assumption baszed on the velooity of
sound U, rather than on the velocity of light C, would into-
duce very private partiocularities of sound phonomonn to the
consideration of all physical phenomena, In a similar way,
measurement of lengths by means aof a spring dynamometer would
introduoe speoial properties of the snring ( ses refs.[4’6 ).



where d,o 2. =P -fa/,o+a’/= . This form 18
u.na.mbiguously defined by the metrio ‘of the. space @ f .x)

'vThus the structures of the spaces ﬂP (x/ ‘and /? (P) are’ not .
,,f.independent. R _ ' 8 L
B " phe motion of ‘a material point. ( or of a system of
material points) ca.n be formulated, in the most genera.l way,

: in terms: oi’ the Finsler geometry. In this geometry, the ' :
Lagra.nge ve.ria.tiona.l prinoiple 1ooke 1ike the oondition of R ) )
motion of a ma.teria.l point along a geodesioal line; The element l/
of 1ength 0/5’ of this :Line is ' ' i

e

e o/xj, T o8

where ' [ ‘18 a’ homogeneous funotion‘. of the fi:jet;-po;ver‘
-j‘displaoements d‘x [7] “ ’
‘ “'Within the fra.mework of special. rela.tivity, there are no o ;
:r 1ogioa.1 oontradiotions between the Einstein we.y oi’ e.rithmetiza-»
’tion a.nd the meoha.nios of material points. Tharefore, in special
‘relativity, materia.l points my be ‘:thought of as ob;jeots whioh - /‘/)Q"CGVA.J
‘ realize ph;rsioalJ.y a, point event ?(x) - NI SR A A

Restriotions oome Irom the side of gre.vitation. If the
gra.vite.tion&l radius aJ . of. a material point N D

| i |
gL SR L (®

g~ c*
(‘here k=G %10 :;‘2'-”’ 18 the Newton gravitatioral, oonste.nt, B
/77, ~ the rest: ma 58 of the matrial point) is 1e.rger than’

its dimension « then "inside" -the. material point, the metric

: rela.tions ohange eo strongly thai the division of the manifold



d? (-""/ into the space-—like and the time—like pa.rts loses its '

.- sense, Thorei‘ore the space inside the sphere. of radius [z a’}
»\/ is nonlocal in the sense: that the . usual ordering of events o
inside it 'becomes impossible., - ] " ’ 2

k This situation is due to the sta.te of ma.tter..For ﬂ a:g

' there arises a certain oritical density.of mtter ) Sl

poz L m
9 4«7 (#5 k)3 /17" T

\/ It 1s seen from (6) the.t it 1s advisadle to ha.ve as obJects )

ma.rking points in spaoe-time material points with lea.st ma.ss
| K(/ﬂ --o) However, in 80 doing, ‘the matter density JD—» oo
. tends to in:finity and can go beyond the limits we a.re aware .
of from elementa.ry pa.rtiole physics, . e ,
Then a  curious question: a.rises. whether or not the’ method
of arithmetization o:t‘ events adopted in the theory of relativity
'can lose its va.'l.idity 'before the oondition f-f :is“
‘ '%rea.ched. In fact, if for a oertain density of ma.tter /0 <f’
not a- single light signal a.nd even not a. single neutrino
‘ l..f}'signa.l, can propagate in'a medium, due to extremely strong
: / textinotion, ordering of events in that medium 'by means »'
of light ar neutrino waves beoomes impossible. Under these
..conditions a sound signa.l may turn out to 'be a more suitable
tool for ordering events. The velooity of such a signa.l 1)
ma.y be higher tha.n the light velooity in vaouun C, Nevertheless
. there ocours no contra.diotion with oausality sinoe the
: ordering is performed by the ) signa.l rather than the c
b.‘jsigna.l ( for more deta.il see ref, [6])



Restrictione of a,nother kind come: from the side of

‘ stoohastic gravita.tional fielde. Fielde induced by turbulent T

. motion of matter lea.d inevita’bly to that the metrio tensor i {/
m PN
‘ ;ﬂv{x) becomes a etoohaetio quantity y (x). ’l‘he interval

Zw(xja(x a(x e '4 '(8),‘

: A
becomes also a stocha.stio qua.ntity. 1t the fluotuations A (-"}
of the metric tensor f {-Z/ are not large compared to the

average values of(g ) 3 then it is advisable ‘to write-
this temsor in the form ]

s (x/ 7/x/+ ﬂ,/x/ e

In this ocase the ordering of events oan be based on the metrio
defined by the prinoiple part of the metric tensor. ‘9 (x)

( oomp. Tefs. CH ]) If the fluotua.tions are not small then the
ordering in Jl? /-I/ beoomes essentially stoohe.stic. i ]
9 1

from the axioma.tio point of view. However , axiomatic’ of ‘these

Spaoes with stooha.stio metrio were oonsidered in refs

- s paces 18 restrioted by a positive definite metrioc. An extension

of - axionatio to etochastic spa.oes of the uinkovslr,y type is g
.etill an open problem. Some releva.nt problems are discussed

-~ 4n refe [6’11]

- The min queetion to 'be answered ra.ther by physiciets
4tha.n by mathematicia.ne is related to the indioa.tion of a physical

~m#thod oi’ ordaring Are we a.pproa.ohing here the limits of a.ppli- '

- oability of the oonoept of ordering?

Probleme assoolated with the metrio at large i’luctuatione ]
and extrenely large deneitiee appear to beoome of foremost
slue when a.nalyeing earlier stagee of "Big Bang",

v



Ve know tha.t nowa.days mtter is governed by definite =

.laWS and there exist definite symmetries. But we have no reason

- to, e.ssert that these forms of the e:d.stenoe of ma.tter e.re
prescribed for ever. It is quite possible that - the va.cuum and ’
the world of elementary pa.rticles we are aware of are nothing E

less than one of possible ways of evolution: of the Universe

“chosen as a result of competition of ve.rious possibilities. :
However, at the present sta.ge of our knowledge we ha.ve :

i not much information for being able of disoussing in more detail s

/-this facet of the problem. :
3. Point-;,ik_e__Ezents in the Microworld ~ —

Now we pass to the world of elementary particles. Modern
‘ qua.ntum field: theory: which - describes the- behaviour of
elementary particles” is ‘based on: the oondition of looality

[Wx/ wy/j oa(x-,/ C o)

Here S’/x/ is .the field operator at .a point /-x/ ) Yr’/b//qr
the operator of the same field at a point. (y/ ‘ /3} ]
\[ ‘the oommuta.tor of the operators A and - /3 ‘ X,

-

x) or the antioommutator if the field is a spinor field.,

we write down explicitly the condition for the sca.la.r field Y’(Jr) C

0



'.L’he oondition (10) 15 the oa.uselity prinoiple and means the
1ndependenoe of the fields if the points (.x,) and ()
are spa.oed by a spaoe-like 1ntsrva.1 [JC -,") < @ 4 In other
words, an arbitrary variation of'the field at the point ‘(.x)
_oannot affeot the field at the point (¥) since a signal of
velooity v<-c oannot in this case reach the point (4)
and the inverse. e ' »

In the oondition of locality (10) the ooordinates of the
points (X) and (4) are assumed to be determined indefimi- '

tely exaotly. This assumption is equivalent to supposing the
existenoe of.paint;liko eveats ?(1) Ty, .-
Ve bhave to smlyse how muoh’ this asaumption is consistent in
‘ the framework of the same local theory - ' '
‘ " Elementary partioles, ans.logues of material points 1n
-classio physics,' are ratural oandidstes for playing the role

of representa.tives of- point-like- events. However, this_.

analogy 1is not_far-frea.dhing due to & number of partiocular

features dlotated by the laws of guantum physios.

First of all, ell particles with lrest mass /77, =0
should be excluded from the ane.logy since they are nonlooa.lizab— .
le in the space f? ("‘) They oan be looalized only in &
tangent spaoe d? ¢ /°) - However, there 1s & trouble - -
with- ps.rtioles of rest mass ‘P27, #O,. toc. Boscns -of rest mass
772, #0 oannot be looalized in the space ﬂ? (x) .
more exaotly than in ths_ limits 4 f_ ;?//17‘,5.:,



In fact, the density Plx ¢) of the meson field V(.x t—)A
obeying the conserva.tion law is equa.l to ) :
Plox) =% x/P de) Q)

—

where Q 7_:_; is the frequenoy operator and- -V 48
the gradient operator. It is positive definite only 1n the -
domain / P/<< 17, i.e. in a nonrelativistic domain, In this
case, the quantity ' ‘

ﬁfa,.?jz/;ﬂ/eil/léo | 2y

. may be thought of as the dens:l._x af ab;__tj for a boson
to be located at the point Z  at the time moment Z =0 -
However, for /7 / <</7,  the density (¢ .5:') is
distributed in the space, in the domain /4X/>> %m .

For spinor particles obeying the D:I.rq.o' equation there -
exists a positive definite probabllity demnsity -

PleE)m o)W (0F) 50, D

where V/&x/ is the wave funotion for a s;_gg;e-pggiolo gtate.
There exists a belie;t‘ that for the s:l.nsle—pa:ctiolo state

AX> (e )%, In reality the Dirac partioles oboy the
— 2
usual unoertainty relation 4X">; 2452 ( ses reta, (6,12]y
- Therefore one‘inight‘think that the Dira.o_ particles can be
looalized with any aocuraoye However, we should bear in mind



that the oreation of a wave paoket of dimenslons a4x % %? c

. o
P

by means of the external field, even if the latter 1s
adiabatioally switched on, will result in the production:of
pairs of particlés x, Therefore, a possible localization~ of -

spinor partioles turns out to be 1llusory, too.

We see that in the mioroworld there are no o‘bjects which
would serve as a.:model of the point-like event Px)
since elementary particles cannot be localized more exactly

than - o
px> Yome. o 6Ty,

In olassio physics any materlal point can be oonsidered
not only as’ the rea.liza.tion of a poinb-like event but a.lso as a
body of refarence ( "Bezugkorpor") whioh fixes the frame of
reference., In the world of elementa.ry pa.rtioles this is
impossihle to do.
‘ I we"chooso as a body of reference an elementary
partiolo of rest mass 47, then in the Lorentz transformation
: (a)U w:l.ll be the fotn'-dimensional velooity of the pe.rtiole
| U= ;(P 1s the ‘partiole momentum ) and the spaoe o
shift oomponents a;,ﬂz "and 6? its ooordinates at the
momlnt t=0. : R s
It follows from the uncertainty relation

X For exa.mple, in a oompounﬂ nunleus which is produoad when
two nuclel with charges 5 and 2 oome nea.r eaoh other,: ,‘
unler the oondition z +z > 137. there arises an ‘eleotronio
orbit of radius &, o l/,” c o Howe'vrer, in this oase an
adiabatio production of pairs e*€e~ non-single~partiole
phenomenon, takes place, ref.



[/3,2,(4];_;4'7?0{" ‘ et | (15)

that the parameters' of thé transformation (2) become operators.
Thgre:f.’ore,_ the coordinates (x) ‘Teckoned from this body cf;
reference become alsc operators. In partioule;r,ﬁ ffom (2) ‘and
(15) it s not diffiou.lt to oalcu.le.te the comnutator x £
- zq_; B L
[_x,t] Toe (.x UZ‘) . (16)
where Z'} 15‘ the opéra.to_r of the threé—dimenaional w"elooity )
of the particle. o
’ Thus, elanentary particles of finite mass can be utilized
. meither as objects by ﬁxea.na of which one marks points in the /?,[&)
) space nor as bodles of referenoe, - ‘

’ o the other hand, experimental tacts point out that the
RO

ik

_prediotions of ‘the looal field theory based on the microsoopio
oa.usality (10) are aatisfied up to scales of the order of
—15

It ahouid fhim be s"upposed tha'tbf therek éxistr élementary
particles with a mass nuoh more heavier than the mass /77
of a nuoleon for which ’ Ax = % c= ‘2 /0 »
- Thus, it follows that luel_thmx_u gg 1 _:_:_p;;_uu_
.4he existence of ar __;,;Lagx_heavx elemyg_y_m; _g,g;l_. g g/m—w’)

X See ref. [142

B
|4 w4
4
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Under this e.ssumption the oontra.diction between the use of the
notion of ‘arbitrary exaot coordinates in the space )? (x)
and the a.'bsenoe of objects playing the rolo of point-like
events would be elimina.te’d‘. ' ’
' 'rhe limita.tion of the pa.rtiole msses from above by a4

a oertain limit #7,=M would imply a limitation of prinoiple
of e.pplioa.'bility of the loocal theory for soa,les of the order
of ax 77-//14(: . )

The requiremente of an ideal experiment ooncerning the’
marking of spe.oe-time points are’ opposite in olassic and
. quantum physioe. In what iollows we oonsider possible reasons
for the existence of ‘the ‘upper . limit of the elementa.ry
.pa.rtiole me.ss.

e i

44 Gravitation in the Miorowor d-

in, just the same way as in macrosoopio physios, limitati-
ons on the elem;ntarj pai'tiole mass can oome to the mioroworld :
from the side of gravitation.

Agoording to the basio idea of A.Einstein, the ourvature of )
the space-time R and its metrio ; p ars dofined by tho

N

motion of matter. The basio equation of the theory rea.ds.

R F R ST

(17)



We remind, here: - . /?,w is the ourvature tensor; - 7-' the
nomentwn energy tensor; . K the gre.vita.tiona.l consta.nt.
A detai."l.ed desoription of the mot;l.on o:_E na.tter is
definitelyeesooiafed with quantum phenomene.; ‘Censeqnentvly.', B
the tensor. ( )should be. considered as a etoohaetio
'rqua.ntity represented by the opera.tor 77 (I) . 'l‘he que.nti— .
~ ties in the 1l.h.s. of (17) become also operators. In other
' worde, whenever the- motion of ma.tter is. viewed within
the aooura.oy up to quantum phenomene. the gra.vite.tional

field beoomee a quantum field x

The queetion about the role of gra.vite.tional phenomena in
quantum domain is af a quite different nature. -
_ For’ exa.mple, the gravitationa.l field genarated by %Zero
oeoillntione of a solid body 1s related to the field oreated

% W

by the mass of its atoms as 22 where (J, 18 the

R . ° . .
Debay frequenoy and /7%  the mass of an atom ( or a moleoule)

 The magnitude of this ratio is 10™12'/4 ( A 1s the atomic weight

of atoms).

We deoompose the momentum— energy teneor Z.',,(i) into ™

two pa.rte-

M

X There are also gther opinions oonocerning the possible
-extension of the ¥instein equation te quantum phenomena. The
approaoh in question 1s the most natural development of the
Einstein idea.



where ‘T () 18 defined ‘by'the average motion of matter

and [-x/ by the fluctuations of th:l.s motion, We represent
the metric temsor 2 (%) in the form (9) Then the

Einstein equation (17) is ‘ S
Aﬁ:éc""g)ﬂu'g‘g:z ""(’,w(dﬂjxéx _ ;— 5« (z) (19?

where the tensors A, B and C depend only on the average tensar
}; , and its derivatives. '

If the dimensi\pns’ of the mass /77 defining the average °
metrio are of the order of & the smce _curva.tureAR is in-
the orderxr ofkue.gnitude equal to

/e=__/.._,_\,__/_ % . ‘ (205
e T at a

as it immediately follows from the Einstein equation (17). Here
52; is the gra.vitational radius of the body ( see eqe (6)) .
and & - 1s the length characterizing the space curvature. If .
the characteristic fluctuation mass is 4/77 and its cha.raote- .
.ristic size is £ ' then eq. (19) can be schematica.lly written ,
‘as ‘ _ £
2%/+%’”/+f_’7/'—?§ ’(21)

where

f o= 25k4m
/ c2 (28)



is the gre.vitatione.l radius of -fluctuation, 2 the length ,
scale. cha.racterizing the stochastic field gradient 4 -

o p ¥ - are the numerical coefficlents. Following the meaning
of eq. (14) €& % ¢ . Next, it follows f‘rom‘the lineai'ity
of the. eqixe.tion that. the scale of length‘defining the‘ gra.di-:nt
of the tensor' / and the:scale defining the gradient -. of

the ma.tter tensor should 'be compati‘ble. Hence it follows f ~€_. -

Thus, on the basis of. (21) we have

A = ;;z . , - o (e)

This equality defines the order of magnitilgie oi’_' the
fluctuations of the gravitational field by the magnitude -of the
»ina.tter fluctuations. Hence, it is not difficult to determine
the’ flnotuations of the metric tensor which are caused by
zero oscillations of ‘a certain quantum field. For example, for

* the scalar field W(x) zero mass ospillations of a soale

exceeding £ ~are

R o C24)
am(e)= 2L € »fwt 2 | e
c L2 _
g .
R, ‘
where -‘-(—* is the zero energy of a k-th oscillation.

Inserting (24) in (23) we get

~ i//b as73(¢) _ A2
”ﬂ ¢ ISet (25)




of mtter reaches its 1limit value,

where

=]/_c_3_.=qyz/o on | FG)

1s the known length imiting' the gra%rité.tioml constant and the
Plank constant, It 1s seen from (25) that this length defines
the mgnitude of the -:_flubtuatidns of the metric tensor which are
caused by the qua.n'tumy fluctuations of a material field. These =
fluctuations are small throughout the whole range of

frequencies for whioh

_ Ca)
& >> /‘3 . ,

Now we return to the ‘co‘llapsi_ng particle considered in

. sectlon 2 and thke into account quantum effeots. A partiole of

7
/¢

We assume that this pa.rtiole has reaohed its oritical ma.ss

mass m ms a.n e'ffeotive dimension of the order of & =

so that its g'ra.vitational radius 1s aj @ o Then it follows

from the condition SEL~_ 2 .

c2 e "
#cty, e My e =9”"’,*' @

Thus, the. length /I , defines the maximum mss of a partiole
obeyling the laws of qtantum theory. Aocording to (7) the density B

This particle was. called by Markov uuaximon[ls’lﬂ.



From (27) and €28) quite aifrerent conclusions can be
drawn ooncerning the'r'ole of gra.vité.tion in the world of —
elementary partlicles depvénding on to what frequenoies ch,% .

the spectrum of vaouum.fluotuations is really limited. Aocor-
ding to oontemporaryvtheor'y,it is élmqst uﬂiformlly"distnibuted
, over .the frequenoies anl the high frequencies aré expeoted to'b
give an infinitely large contribution to gravitgtion. Ir ﬂlater
on, for some or other reason, it will turn out that the
possible 'freQueno:!.es "1n the micx}oworld are limited by an
"elementary" length e > _>>/|3 , then gravitational effeot will be
‘nonessentials ‘ ' .
. In the opposite ca.se they will play the fundamental role
--in the mioroworld, ‘but they will be represented in their ‘quant um
_ interpretation . '
Frediotions and hopes based on classic caloulatlons of
gravitation will be "majorized" by qﬁa.ntum effeoté. 'At _the same
time the "classic"'a.vera.ge metrio w:l.il be no longer predominant
and the situation like that mentioned in seotion 2 arises: the
notion of interv‘al between events as well as the lidea itself
about a possible orrdering of events in 4 (.z/ space
becomes more than doubtful. Here we are apprba.ohing the edge
of an abyss without 'be;ing sure if it"is not too early to peep
into it. - -

X over many years this lipre bas been developed 'by Wheeler and
oo—workers[]"”

20
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In what follows we sha.ll conslder other ossihle ‘
restriotiona on local theory. Among va.rious oompetitors
the "wea.k" interaction olaims to this rolo.

A\

LA_A."ﬂ.a.ak_M___aacimoa |
We‘ distinguish three modes of intéfaotions‘ strong,

eleotromagnetio and _wea.k‘intieraotions. Lét us compare ti\i\eir ~

behaviour at high energies using a critérion suggested in ref.]';8

Aooording to 1t, an interaction is assumed to be strong :I.:E in

the oourse of the interaction the density of the kinetic

ener gy f; 18 much smaller than the absolute density of the

energy of their interaction W PR
- ‘ L 29
E<=/W/. o .

_We first consider a collision of a nudeon (/V} and a pion ('77)
In this case the density of the total energy is SRR
' (39

) . _ o
H= Ao Fop+ M P+ 4 (ay'e m* Y+
: g Phevy,
where ¥  1s the nuoleon field, ¢ the meson field, /#
the nucleon mass, /77 the meson mass; P= /"' T 5’

18 the interaotion oomstant., Let £ be a length defining thef
magnitude of the gradient in the o.m.s. (€= i A, P

1s the partiolekmomentum).A Then the density _qf f.he kinat:lzc
‘energ'y ﬂé‘,v ~of the nucleon is of an order oi"magnitﬁde .

2]



(31)

P i

( since &’NE’- )3 the density of the meson k‘i;iefio energy &s '

.

¥

~ 2)
B A ©
2 1
(- since & "’(TE ). Henoe, -
y e g e
W/ 0@ ~ 2 2 4 :
/ / ?WVP ‘e 4 .é‘ﬂ',gcr_. *
Teking into = consideration the faot that £.=&, +&g
from condition (29), we get o N
. %,4 34)
AP B €. '< C
AC é;,-"f;r
. Then SR
pPc _ e (35)
g2 3 ¥ O ‘
and . ‘
Ep zZ . )
e, 4 (36)
Ag a result,we f£ind -
2
9 : R
L s/, . 3
Pras A _ | ) N

‘22



Thus, it follows that a’coordi;lg‘ to thg oriterion uped, the

strong 1ntera.ction is atroné under a.ll the conditions sinoe

Now we apply the same cFlterion to the 1ntera.otion of an
electromagnetio field with charged spinor partiole.
In so doing, we bhave

We=eV¥AY, - - (28)
where A = )’ Aﬂ is a vector potential ‘and e
the particle ohe.rge. Following the same procedure we get
F4 X
ety (39)
AC .

This 1nequality'does not hold. Consequently, following our e
oriterion, electromagnetio interaotions do not belong to strong
interactions x, ‘ ' k

Now we oconsider the ocase of weak interaction we are

interested in, In thyis oase the density of'the total energy 1s

K= Ko FI¥+ Me2P ¥+ #e W9V+me4c/y+

(40)
+£p'/’0%sﬂ0¢

- . )

where ¥ and ¥  are the fields of a nucleon and a. lepton

‘ » T
respeotively, M and . /77 are the masses of these partic-
les, (;F “ 18 the Fermi oonstam‘f,, O, the spinor operators

X We note that we have not taken into aooount the direot
interaotion between a ganma. quantum and veotor mesons (): u)
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It i.a\'not aiffioult to see that in thig case the interaction

energy 18 of the order

o £l Ll | SRPS
/W/——Z__ Ae  Ae L )

where f,-., is the density of the nucleon kinetio energy. ‘
and = &  the demsity of the lepton kinetio energy. Taking inmto
oonslderation the faot that é'”:! & =~ il =__7_f_c_

¢~ g gt
from condition (29), we obtain ,
g ' h S
F

42) -

_f_'i— > 7,

where’ A =}‘—&=’066‘/0—/‘cﬁ7 f::’}(=f_-
F e 7 y P

Henoe,_ 1t follows thé.t a weak interaotlon booomes strong at an
energy £~ _/17% 300 GoV ( see also refs. [19?20]).

We now conslder a‘deoay_of,e. hpa.vy padron of mess
which 1s due to a weak interaction ‘

M— 177‘+£’+‘7- .

‘Here /77 13 the nuoleon mass, € 1s a lepton and V
stands for an antineutrino.The decay oonstant r
for this prooess, when M >> /7. 1s (2]

[ L g mN,

P

M 79 | L )

N
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where G;_=;§%f = /-/0'5—/—7712' s M 1is the number of channels
for different decay modes, whlch may be la,rge. It is seen:
‘from this formula that for the hadron mass
M>m, 2 ' (44)
Tec | T

the deoay constant /-’ becomes comparable with the hadron mass
M and the hadron stops to exist as an elementary partliole since
it may not be assigned a definite mass. it is advisable to
refer to a particle with mass M,_- as weak maximon . As 18
seen from eqs. (44) and (267), this restriction begins to work
earlier than that imposed by gravitation, since M Y Mg

At the same time the restriotion on local theory nust

then occur muoh earliar than it is expected from the assumption
about the existence of a gravitational maximon M }

6. "Blaokness" of Particles and Lo_qalitx ‘

_ The elemte.ry pa.rtiole is a certain medium whioh 18
desoribed’ b,y' the oreation and a.nnihilation of virtual '
. pa.rtioles. i '

It is natu:r:al to raise the question about the condition of

ropagation of a metrio signal in suoh a peoulie.r medium.
~ Starting from pertm:ba.tinn theory, it is possible to a.nswer
this question by means of the Green fu.notion which, ‘being
based on looal theory, gua.rantees the propagation of an interao-
tion with the velooity of light.‘
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However, the situa.tion changes if -the interaotion beoomes .
strong. In this case there a.rise nonlinear phenomena a.nd a
strong a.bsorption as a result of 1nelastio prooeases.‘

_ The former group of phenomena ocou:sin the reglon of .
strong fielda and small gra.dients. In refs.[ 2 23] ty the
example of a scalar and an eleotromagnetio fielda it was sho#n
that the law of propagation of these fields noticeably qh_a.n_ges,
up to the -di sappearanoe of any possibility of propagating:

the characteristios of nonlinear equations vbeoygme, imaginary,
and the. equation of the hyperbolic type turns to an equé.t:!.on af
the -elliptio type. This situation was oalled a "Lump® '
of events. In the‘ spirit or oontemporary understanding it 1is
ore right to give in the name of,{'«'light.pel‘lapaef" [6'223.

In the reglion of large gradients there oocur inelastio
processe s. 4 poss:!.ble limitation of the space-time dasoription
of the elementa.ry partiole structure was 1nﬂieq!m in raf.[ J

This limitation is due- to the faot that the oross seotion .

for an :Lnelastio process does not deorease with inoreasing

ener gy but tonds to a oonstant 14mit or even inoreases 8lowly.
At‘ the mme time eia.stie‘: seattenng aesnﬁeu the ohareotu- :

of a diffraotional soattering on'a "blaok" sphere of d:l.nension

A o . In po.rtiou]ar, on the baais of f:Lrst pe.perl ‘on ‘plon-

nualeon eoa.ttering, it was noted [24] that the eftoot:lve" o

uotent:l.al for this » sca.uering is purely wu nll

3

represented by the, formule.

X Thig potential is being sucoessfully used as a first .
approximation in the theory of "quasipotential®
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Via)=ine)e 7.

s,

hHere q is the momentum transfer and A (é%) a certain
function of the energy E defined by the main diffcrential

'maximum.

-

"When- the. role of inelastio processes becomes dominating ‘
the information is relative not so much to'the space—time
kstructure as to the production of new particles. The "blacYness"_‘
of particles makes it impossible to use elastic scattering for -
studying space—time distribution of‘matter. The given erample
”of mesons is a very particulzr case, therefore it 1s not
of value of principle.

For the problem we are considering here of interest would
be only a situation when "plackness" ‘would’ appear for
the most’ universal signal. The most universal ‘are weak
interaotions.fjf

k The refore, snoh a situation can arise if the weak

ii‘interaction is assumed “to lnorease up to gocales- diotated by
unitary limit. ‘ - '

Thus the possible limitation of local theory by the.
) conditions of the signal propagation inside an: elelnntary
7,,partiole ooincides with the condition follawing from the

existence of a "weak maximon®,

.
~
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7+ The Momen{:_drg_gpa_.qg

: Classic theory deals with the space /-l/ a.nd the
contravariant ta.ngent spaoe &p [p} in a combined manner.
Quite a.different situation takes place in the domaln-of quantum
phenomena. In qua.ntum motion th‘.e 'tra;leot_ory of a materia.lj polnt
1s nondifferentiable * and the spaoee @f"/and ‘ 0?, (P} ~are :
mutually complementary. They belongto two diff\ereynt in_coinpa—‘
tidle classes of measu:rements. . ; ' , '
' The both spaces are equal in rights from the theoretical
point of view, since the tre.nsition i‘rom the description in
" one of them to the description in the other is performed
by means of a unitary transforma.tion of the sta.te veotors 'I-IU
and the appropriate transformation of the operators aL’ '
which represent physical qua.ntities. oo ,‘ | ’
However, both the ‘descriptions are u.nequal in rights in
a physioal experiment. The space (x/ figures in an
experiment in 1ts maoroscopic aspect. ' The microscopio.
ordering is not revealed experimentally, in a.direot manner,
" since the observed causality is a.Vmacrosoopio oausa.lity. In fact, ’
‘for an event A located in the spaoe—time region Q (-I/
to be oonsidered as a cause of an event B in the domain %9 @) ,‘

T4t 4s neoessary to be sure that when A had’ oocured a gquantum

"of an energy & = 7;&]>0 and momentum /—7 ﬁk had been emitted.
which was then absorbed in the domain Z (9) . generatimg -

thersby the svent B.
X gee ref.[27] o
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fwﬂlamplitude (k/ in the oomplex plane of the variable /9

S
i

In this description of. the. causal relationship we have
_-:usedboth the spaces ' &Q [%/ and /P [5) ¢ the former 13 to

) :show the relative position of- the events A and B and the latter
\ »is to indicate the direction of energy and- momentum transfer x
>> The oombined use of the mutually oomplementary spaces .%? [4/
A? [fy leads us - to the’ classic, i.e. macroscopio,field
e‘fof physics.
COnsequently, the space—time description is oarried out'

‘ llilwith an aoouracy which- is far from being sufficient for the
5,'restrictions of the type 4. to be appreciable.

o Contrary to the space—time description, ‘the momentum—
5 energy description in the spaoe. 449(27 is realized in’ an ‘

'1;experiment with an aocuracy which seems .to be unlimited.

~In this description miorosoopio causality expressed by the
iocondition of 1oca1 commutativity (10) 1s displayed indirectly,
‘”in the behaviour of the amplitudes ‘fsz predioted by 1ocal

. theory for different physical processes. Here ¢ labels the

V pfinitial state and f- the final one. In particular, micro-

:, causality is manifested in the analytic properties of the

: In the space f (e) the state of free stable partioles is ’

ndesoribed by the points on a hyperboloid. ‘

. 'x See ref []

These properties underlie "dispersion relations" .which are.

4 . important for analysing experimental data[éQJ

29

b

et




PERTEP TS zib_‘ o ,5 (46)

: where /77 1s the partiole mass.,‘Each ‘such hyperboloid is the S
fLobaohevsky space ﬂ ("’/ with curva.tu.re R ==

T
ﬂ?l

. 1In the spaoe W{d y due to ‘the faot tha.t its metric (4) is

nondefinite, there exists no invariant conoept of la.rge or
sma.ll momenta. . consequently, there uso exist no invariant
limitations ‘on the frequency w ‘or the wave vector /k/

Suoh. limitations would necessari_'l.,v select any frame of reference.

.. This supplelents the assertion about the absenoe of an inve:r:iant .

measure of spacing of- events in the space W [x/

B ‘ The amplitudes /,,i describing physiod processes ‘are
the matrix ‘elements of the soa.ttering matrix

ST <47>

5

'.This matrix is lmown to define the state of partioles at a time o

"moment Z‘f -+ oo if it is given at a. time "'moment' "/ ==,

From the geometrioa.l viewpoint the s-matrix tra.nsforms the

‘ state of particles given in a oertain direct product of the

Lobachevsky spaces £y (/"} QIQ (P)O,? (p/--Q'P(P)to a new

state given, generdly spea.king, by some other produot of these

 paces ,?('P/@/? (F}@,__ P, (P) sinoe the partiole

' moments are specified, . the pa.rticle ooordinates are’ unde.termined.

The time "moments®™ ¢ =+ 50  are un'determined‘ too, Therefo-
re the ordering.of 'events ‘in &V,(I) obtained by means of . the’
S matrix is minimal ome. '

Contrary to the oommon opinion, the description of the
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microworld phenomena hy' mea.ns of the S matrix 1s inoomplete.

The 5-xm.trix ca.nnot be used to describe the behaviour of .
unsta'ble a.rtiole since the specii’ioation of the initia.l LV '
— _._L S ; :
~conditions, 4n this case, cannot 'be formula.ted i’or the time
,moment fooew X - : 2 o

) This statement may be illustra.ted by a situa.tion with K’

mesons when it is necessary to i’ollow the evolution of the

state

[ A/ (t) &, /f/], xc4é>‘-‘f “

where /(/ are the state of an antimeson and /4/ ‘and- A,°

are the states of a short— and 1ong-living mesons, ~ ¢ = 1s the
time. 01dfashioned methods of description seem here to be
,inevita‘ble sinoe an ordering of events in time’ with an aocouracy

Af« of 1ii’e-time of a short-liv'ed /(/9. meson is needed. = l/ .

‘ Thsse remarks rela.tod to ‘the J'-nntrix do mot restriot
"possibilities of the desoription in the spaoo d? [/ﬂ
| which ocan be extended to. the domain of complex P + More-
. 'over, such an extension soens to be necessary for describing
,‘ ‘the. be'hav-iour of unstable prtiolss. Therefore, in spite or
“forna.l equa.lity in rights of the dosoriptions of phenomena
1 A (z) snd £, ‘the desoription in the latter is less
open to the oritioism s.ddressed to the 1ooa.1 theory which
| deals with the spaoe-time. '

x Tho sxoeption 1s some speoia.l cases when, €eBey. an _
unsts.blo partiole may ‘be thought or as s. resonanoo. -

el




It seems tha.t 1n this conneotion, as early as 1n the four-
ties, H Sn,yder [3 ) suggested an 1nterest1ng Adea according - .
to. which the metric of the momentum space /P/d may ‘be :
more complicated than the Minkovsky metric (4). Instead of (4), '
he has :]ust proposed a Riemannia.n metric

¥

pteg apap, @

where the metric tensor ZW is a fuhction of ;the mamen tum

2,-9,(02) e

cand the paraﬁeter ey .
Po= 2 ‘ | (51)

Here a is a certain "elementa.ry lenghh" and ,0 is a xoomentum
' pla.ying the role of the curvature scale :f:‘or the momentum

space, l‘he relationship between the space 02 (%) ana [d

1s based on the assumption that the“ ourved spe.oe' @ (F) isa

X

space of constant .curvature * . This limitation makes it possib-

le to consider the coordimates. X, X, ’.x{ X, 1in the spé.ceRﬁt)

as displacement operators in the space ﬁ?,. [/y PR
- A : 1. (5D
x,—x, = Z// + /4 (P)—-—— } | (

For &=0 , / ('”/=Oso that (52) transforms to the usual
operator of coordinates which 1s charaoteristio of loca.l theory.

x'I‘he Snyder idea has then been developed in papers of
I. Gelfand/Jl/, v. Kadyshevsky/Jz/ and I.Tamm 33
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