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. I.. Iz::trpduction . 

. -- '. -· ~ J > • ' : 

In :previous pap~:r /l/ we: have int~oduced stochaStic space-time 
induced 'by random strings, the beh~viour' o'f which. is .des~ribed by ~ 

. probability distribution. . · . . 
\ . . . . . . ' . / ' . . ' 

~ P[lJJ= ~· ~xpfjj jd2od2() ij;'fi x 
' ' ·.·· ' 11 11. . 1 2 . 1. :2 .. 

' ' . . ·... ·. . I .~. 1 '2. . .. 

· ?< yPr61i~~r~~6.;)Yllf62J],. 

I 

·;, '_ .. , 
,, ' I - • .~ . 

where 1 /'1' is a' two-dimeD:siona.L,surfao~ known as the string· 

·,, ' world~·s~eet,y,M(6) (6::6U<rd~tr':rJ}are coord~ates, ~f st~i~gs, . H 
·.is a constant chose11 so. that P[1J] is normalized to unity and 

J5)v . is th~. inv~rse'• ~f the .two:..p.o:i.nt ~~:rrelation ' · ' 

<.1jfl(o1}VJ)(62))>. ~ ·i/~~(6:·-i.) .· . 
· .. '. ··Y .. :t~:z ... ·· 

<Further, we have assumed that . due to the pre sen~e of the random 
string field )jfl(0 ). ~pace.::.time begins to fluctuate and its 

, I 
(I) 

. i 

· topology structure gives rise to changes in physical quantities 
. at short distances. This ~eans that' the ·'structur~ of spaoe.::.time is 

.. ·. I . . . . . '. . .. . ' . . . . . ·.. . , 
distorted' in the ,immediate. neighbourhood of a particle,- which· -

. leads. to the con~ept 'of confinement and to the problem of r~fO>rmU:-' 
'latti:tg general theor; of. gravitation t6 allo'w for it~ In other-
, ' ~ . . ' ' ' . _. - ' ~ ·. - ' ' - . i . ; 
'words, stochastic strings (parti'cles) alter the geometry of space-· 
.• . , . i , ., · \, · , , • · •. · I ' . . · ; -... , ~ , . · 

time, and that alteration in turn affects ,the :behaviour· of. partie-' 
les. In.this paper, we would like to shqw that this' sefl-:-referen.:. . . . .. ~ --- . ' . 

. . tial .nonlinear property of gravity is responsible for the appearance. 
"-· \of. the nonlocal.interaction and the ~onfin~ment force between qtW_rks • 

. r't tur~s out.,that the fo~ce...;transmitting quanta be~me spread-out . 
objec\s, propagato;/of which ~~ossess~; imusual p;operties. . - . 

. ~·. As shown in /l/_ ·the confofm-:-like transformation of coordinates 

I, 

. ~P: _;;~ exf{-/-;;,.«' f,Polj R cj fo} Jllfoj} 

. . ' ; >"-..-; ~-> ~ ·.·.~· .. '. .' .. 
~.''"''h.;..~.t-~.~1.:U.·.t KH~~ .. ·.1 

., ill-!;i'!t~X . v•· t .,~ICI.Ud, · i 

._Sl1SJlt,aTE:HA .. ' · .·· 
., ... ·· --.·· 

'(2) 
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< ; ' • • ' ~; 
leading to the· passage from the usual local inertial system .of· re-

. o(. . -.. . .. ·. . '· . . .. 

fere~?e, '§ with _the l~inkowski , metric pot·· to the 'quasilocal 
system Of 11averaged II (point-like) strllig . CO ~dina te S .:;(.J"{ ': 

' • • I ' • ,· { 

. '- . ufl(tf).: _i_' a(o:.,Ji~'fiZ)_ -t IJf-1 (o 1 o2 l, 
(/ {jjl( . . . . . {_ I , / 

.,(J) 
(/ ' • ~· < ' } -. • ~ ,· • "- \ • • •• 

I , . ·. .. . ·. . " . ,'· . . . ·. . . 
gives rise an induced· gravitation' wi'th the. metric tensor · 

. ; ' 

I . . , . 

G (~~Y)~' /'[2 '-t·Sv(~J+1~frx)£ (;J], 
:J:I.V _ ·. _,Mv /I.:. . :; 1 ~ · . ... J' . . . 

,1', 

(4) 

\ \ 

where' 
-~ v ··.,:1: . ' ,) . f,,. \, 

· ~/' (x}= . ,.x (r}~fr)' 
. . . , J JfCJ( I ' :. . ' •. I . 

·,,; 
\ 

"" /I~-- e~p-{2_1 . ·· 1 .· ·. ·f· 'tJZo jq_ R_ U{6) z;t-i(_.6"):l~_ .• 
•· .· '. /JTo<' ' . . rJ ·. I" d . f 

i· ··, r ~- . /1 ' . . ,,. ·~ !r. ' 
~ ' 

..• ·•. ., '.-1 

Here R 1is the llic~i. cun~t;~;·e ~·calar .'of. the· man:ifold ' ~- > u . ( 6) 
is a vector X · ·I" 

·t, . v ', .. ' ..... '. . . 
' . ~?fi: lj/(t/1/;,(1:)_=(1 .···;. :i 

f • depimdi1ig· o~\he. t~·~.::.li~e ~ariab~e·. o2~·f.'· .. on:iy~·. 
; Carryin'g out ~r{;~veragi~g procedur~ in (4)· ov~r r;.ndom 

variables yf'l(67) wi~th!j _propa~i,lity 1 dist~ibut;ion··~I) ~d. the 
white noise·cova:i;'iance·· ·' ·, > ·· ' . ·· .',-. · ' .. ·· 

I . : . ' . · .. ' .> ' . . . . ·, . . .. . . , ·, • ~ • . ; • 
. . f"'J(· 1 ··.• . ' ..•. fl_ tJ_ • .,t:Z; .. .z_ . • .' ]) ' 6":-0:.)--l f /1 ( /~ 6:.) . ... · ..... · 1 . ' ',2 -:- ·• . \· .. -- ' () ( • 1,- :.z • . -;··., .· _·.· .. UJR . ·· .. <. 

(5) 

we hav:iL 

<~t)(~u).~ ~ [t~ .+&_ ... _r~J+jE;rxJE:~l;J1ex~!~_z··f·_d};R}. ··._,:4\ 
.r. d· y j-ltJ ,P_v , I /", .· j. J 127{0( 1 ·· {/ · , .: 

. . .. - ' . ' . • .· ,;: . ·. . '1'-1 . . -

·where 

. E<J.terfl'f)~ ~~'jd~'o!j R :· 
-~-· . .·· '.. M; · ... \ 

/is. a topological inva:dant known as ~he Euler. chara'cteristic ·of 
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If . f1 
sphere with 

; ' ---~ 

,. 

has genus t/ · (L e •. , if .M · is homeomorphic to a· 

.N handles' or. to a ?Onnectedsum of N. - toh)' then 

Euler' (M) :'= -2 - 2N •• ' 

' · ·Thus, the physical. space-time at large distances is obtained 
by a 'over equivalent topologi~al structures 

\. 

. c;: (:JC)= L <c. vf~yf> ~f2 -t'[, r_ xJ+;, \t._fr~)£ r::-:J __ ]x I .. 
:.;"J/ . ·.. AT . -~ y .. 7'" _;tlv - . , , /"· - t' . . . ·. (7) 

·where· the multiplier factor' ,• 
I , ,; . . 

f r:;e¥A/(1-e4Li)· . . ~ 

',', '. . 2/ -
Ll = :il / 0(1 

' '· , . . "' :. :. ·. II .'.. . ~; . • . 

I. 
1 ., 

has appeared due to the topological structure of space-time at short 
distances, P~rameter .il in (5)-(i) 'is some· constant dimension of .. 
l~ngth. Here. we. distingulsh two po~sibilities: . 

'2 '2 ·'. 
(a)· .). = G , ·where (;. 
(b). A2,.,«', where «; is the Uewt9nian constant, 

is the inverse string tension 
(a size oi' the .string). 

.The former means th~t .fluctuation.'of the string co~rdinates takes 

place at :the Pl~nck 'scale, while .the second case-means.that cdordi-· 
nates. obey 'random properties in a. domain characterized ;by the si-ze 
of·. the. string. . . . ' 

. ·2; · Enerey and Potential of Ouarks 
in an Induced. Gravitation. , 't 

By using ~etric.(4) [or.(6),(7~J :we can easily~·' construct 
the theory of induced "gravity" caused.by'random strings and 

'.reanalize its co~sequ~nces. 'Here VIe concentrate on some interesting> 
:facts. Fir~t,·>when the quark 'particle m~ves ·in: the const.ant ficti~ 1

..., 

t:i.;us "field" ~" (il) in. (4) its averaged_: energy is. defined as. 121 

~cz·. _!~ mZ 'eA I .42 1 -~ E = v-r;. - c . (1 x 
l It- urc~· 00 --h-zro/cz 1-e4 . :- ~JT«' 't- zro/cZ ) •. 

. \ ' 
(g) 

From,this we immediately conclude that the quark undergoes·a finite 
.' motion;' the phase- diagram of. which is. defin~d as. - . ...,z . 

p. 
. \ p2.. + 

1'111)( 

. _.:z 
X <.· - , ..... ·z 
Xmi:tx 

1 • (9) 

3. 



'i 

where P,;Qx=mc.
1

and >x,;,o.ic=2i!Jrc~/ • As~urrllng. 0(
1= rrt;· \ 

we get · Xm. -= ro- J em. Second, .motion equation• of a' particle in 
. . . D.X . • 

the induced gravity. takes the, fom: · ·, 
·z oi... . ·.' 

-max = Fof.=f'ro._ F~·}.. . (IO) 
ds 2 · .· ·.· ~} • 

... '•' 

. . . ·' ... - . l . . . . . : 
Now we define the force acting in ·the parti ole in constant J • .., ' 

_wgravitational" field 51). In the' no!]Xelativistic l:l.n1it equation 
(IO) takes the fom / 2 • . . · 

j ' .\ 

. 2- · · ·· ze.. .. . · · · · 
m -~ ( dt:) :::: mc.Z_.:!_'·(-'V h_) . 
' ·at:z. · ds , ···.. z . h •· ·.. . , 

' ' c ,'' • . \ 
I 

\. 

where 
Thus, 

(dt/ds)2~ t/h.~ ~t=- G-~~ 
according to the' formula (9) quark potential is 'defined as 

: .{· --. , ;miZ e.'lll .. ·r· .· .. _;z .. · __ .. ) .. · -
. . .. ·-~. --:?yLI. ~1- ~ 

U== . 1-e .. Rz· 
. ' ~ 0 

· . . o s;fZ.lf:: Ra. \ . 
'.J," 

. ·: ·a. '.\ -+ . 
/x />.R0 

where ···-{?2 .;·~:n-d'~ 
o:·. . 

. ) .. : 

\. 

. · .... \ ' 

J._Paiticle,Propagafor of the Confinement 

. ·. \:_:'ot~~nti~l (n) 
1

' 

It is. well-known that in .the static limit the form of the 
potenfiai is ;oonli~cted with the· fom. of the' interacting particl'es 
' ' II '• •. ., ·_: .. · ' - . : ' . 

pr01)agator. For exaniple, in the ·case of quantum electrodynamics, the 
Coulomb p~t~nti.al is given by ~ . . . . . . 

l: 
, ! .• .' : I 

~~~- ~--(··e_ .3J_·d_~ei?1 
.. :ZJT} ')' 

1 

p~ 

. C:i.2) \ 
i 

Analogously~ the Yukawa:.potential· is responsible for eld,stenceof 
. . . . .. . . I 

s.calar·particle-transmitting quanta: 
' . ', ·.·• ·. ·: . ' '-. • . .· ... :· .. '-~ -11' -/1> 

. 9 -mr~ J y·· . r · t.p r · 1 . 
·;;-_ e. · ·· -:- (- 3 · d P e · 2_ · -z, · · C1J) ·arr , . :zn) . . · . . , m + p ; 
/ . - ' / .. - ~-. ' ' . l 

From (12). and (lJ) it is easily seen that corre spondiil.g particle . 
' . .. " . . ' ' 

. propagators are photons and mesons, respectively.· 
•• < \\ •• ·' 

4 ,:: 
L· 

"·\ 
I 

·-.~ . \i_ ' 
\ 1, .. 
~ 

• 3 

~ / -~ 

~ 
i 

l 
] 
l 

\ 
1 

II" 

} . 

.-'·,) 
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,/ 

.· Without loss of generality: we. do not, c'onsider tensor structure., 
of the 'inter'acting particle 'p~opagato~ and defin'e its 'fom in accor

.. dane~ with: the general rules (12) and (lJ). Thus, in. our case we. 

have the following integral equation 

~"~~ ~-;.:J ~ .. ~./1}, e'i!rM;v· 
. . ~' . 

' C1.i) 

. ·, · .. · · /riJ I ~~.1 . ' 1 j. --, ?· == { m/!'10 ) :z,:rr e / (1- e ) .) Ra= Ha::: .lr.JTr;>t • 
'·· where 

.. To solve this equation· we integrate' it ·over angular va::hables ~ tp. · 
' ,,.· 

'The result reads ··,.,. 

..,r ( ~z) 1 oa , . . , 
-·'"" r .A 1 . , , 

'IJTR 1- R~ =. --;_·-! df·fsin(fr}JJ(p2) 
o • o , !Z:!f r . /, 

' . 0 

(15) 

·.' 
! 

j' T'nis integral equation has uniq_ue solution' 
,, . '·' \' .. ' . ' 

:·.D .. ,· .. ( .. -~_21- j Z:JI ·. ··~;_/. (R, -~-2) 
P /- -, "' ->/.2' .f.-/ .. . . R . 

< • •• 
. (16) 

. . : . . .' , , , ; ~ (./p2 )S/_z, ', . - l 

'w~ere 'h./.z(x) is the. ~essei fun.ction. o<the~~der of 5/2. ' · : .• . 
. ·It\ is natural to generalize expression• (16) for the relativisti"c 

' • . " 'I' . - '· ' ' 

case: 
' ' \ 

D(f'.ZJ.:/ :zr, )! (Ro /."-_pi)/t_(/:p J_J/.2···· .... ~~ 0_~6. Z. 
, . . . R0 ~ . . • . ·. , / 1 ? .. 1

0 
1 

(17) . 

/ 

and 'fo'r'the particle with. mass !!! · 
. \ . . '; ' . ' . -~ 

J)m {llJ=_!f:~(k/m2-pV/(Im~p~~. 
.• ·I . .· .·. , . 

. /. 

. (18). 

The latter· gives oscillation potential 
I . ·.' ··.·, . ~ .· ... ·: , ,· .. . u ~. 1 1; z o~<. . . . . 

m = 2JT R3 m 1./i',- r~. · $(m/,f'/;:_ r12),-·. 
' C> I 'f'. . . 

l/ '' ., . 

(19) 

If we assume that foroe~transmitting quanta giving cori.finement 
,potentials (14)· and (19) are ph~t~n-and Z -boson,like objeota · · 
(gluons), then expressio-ns· C17) and (18)' ma;r be \v_r:1tten 14• oonve~ient 
form (inserting tensor-indices): 

. ' 

. ' ~ 

'> 



~L 
I 

/ ·. 
:· .\ 

. I 

) 

D{p.2)-:)J). {p!l)~ ~ (pZ~z_) fjo (pz_}. 
. /Ill . . ~. ., . firJ . 

(20) 
' --' - .,· . ' 

·.· .. : m · · : ·. · ·. · ·· m · 
J>(p2l9 .D /p.2l= V lfZRZ ). Ll · .. I. z) . 

. J . - /'#" ('.I .mL o / _,..,v ( p /' 
(21) 

V_.{p2R2)~~2JT.I,r('. '7;:(·~ l2Z) ... 0. 0-··~.z'l~·. {22) m .. 0; . 'If. 0 }"_Y.2 Jro v /11 -. lJ vm~-0... . . 
. ' . .!'/, . • I . I . . .7' . . . . . .... ..J i •• . •.• 

.where 

_Va(p!l~~}= Vm(pZJ<ozJ j . '. . . 
.• 

0 
•• . •• • • .. ,.;· . . . . m=;o . . 

l\J'I&J ( P)- :· ~na:Llfill (p) are usual local. prcp?-gators o:f photon 
and Z-bos6n,. respectively •. • :. . . 

··.'As shown in Table, .pr~pagators (2o)_and (2l)posse~s some 

'(2J) 

interesting prQperties: ·. ,. 
l. 'l'l:u~se' are entire analytic :functions o:tthe variable p2. . 
2. Their orde'r .o:f:growth:is_, .f.='l".z: . . · · '· 
J. They decrease rapidly enough in the Euclidean directions 

- ' ' . ·: '. ' /' ' . ' ' '' . ., 
2 

P~·Od •· 

4 •. Th~y ha;·e no pole~ in ·the eo~plex;lan p2 , cio that 
· :force..:.trans~itting ·quanta c~rre'sponding' to~· the~~ propaga..:> 

' I . , ' ~ . -, . . . . . . 

t~:r;s are ~e':'er observable. . , . ·... , , .. 
5. Wave functions- o:f these quanta are spread· out over sp'ace:..time 

•. ,. • ,. ' ' • ,I . 

or 

Aj,'1x~~kJ /(,{ x:y)~ly) • 

i"'1x) ~ /uJ ~l x'J) 'i,/y), ..!' .. · . •'· • ' .· . t' 

(24) 

·. ;> 

(25) 

where k;,(x) . and ./(,;, (x) ar"e' no~looal::..ge~er~U.z;d :rtin~ti~ns/J/ 
. ' . -c· ·•. . . . . . . . ' ·~ 

Fourier transform o:fwhichfs defined by [Va (pZR,,Z)] · and' 

· [1fm {p 2R0
2

) ]'1.2 ·, re,spectively. Local wave :functions o:f photons 
A fx) . and Z-bosons·· 2 rxi ,,give usual propagators 
'/', . /'( ! ' 

. < ol'rf ~l;_JIIvlYJ}/o);=· f tJj,u {x- ;')~ 
',(~Jr{~fx).i!vll!J}/o)=: ~~(x-)fj. 

by ceans of their ·T..:product operators in x_;.space. · 

-... 
6 ,, ~ s 

\. 

/ 

,·,· 

\ 

Table_l 

i;;-~-:----~-P~tenti;1--. --Prop;gat~ of-~-/ Cor;;s.:. J : 
interactions force · :. ' . :force-trans:... · . pending I ' · 
_.:__~ _______ __: __ ·-~-· ___ '6ittiEB_g~nta.:.__:iarticlL.:._ 

Electromagnetic : ej LtJTr J, "j(-P.i_i£:) 
'/f . : . 

·Yukawa· · · I~N!!r}emr . . tj(m2_p~iE:.), 

/ 

\ 

a- r >R· 
J . 0 

Confinement· J !/,]{< ~h ( Ro/~P) / 
. Rt> c;nsf~_.;z)···. ·' . 

1 (~)SI.z _ 
... R.z ,f?Sf5R ' . ',·. 

0· '.... o. 

photons· 

._ 1 

scalar 
.particles. 
with mass 

m 

nonlocal 
photon-like 
objects 
gluons 

'·' 

----;-----:--"7-;-oo:------.-.-------. ---~-~--.'------------
'Thus·,, we·. see .that. confinement :potential. due to induced: gravi~ 
',\ , ' !>, ·'·, ' ·, .:. ' ' I ··, .· .. . •· ) 

.tation of • strings 'leads to .new type interactions, corresponding 
f~rce~traris~itting 'quanta beco~e nonlocal and unobservable, and their 
:pro;agator' is entire arialytio .fu:ilcticiri. ,Quantum ':field the ~ry ,for . ··' 

',su~h interaction is constructed by means of Efimov' method /3, 4
/', in 

.• :·. . . "· . : . ,, ':' ::'. ·,·, . ·. . { (_. ' 
which there are no ,ultraviolet. divergence!J. For example, in 
i<, ¢¥/:t!;_;'iriteract'ion ',matriX ~le~ent COrresponding tO simpler l00IJ I 

diagram · · ·· · 

... ~. ·,,·~: •. ··.:·:~ .. ·· .. ·.1 .. · .. 

p, . . ·.' .. ·· ... ' . · .. · .. · p' 
~.· ..• ·." .. ,---+ 

.·. . . . . . '.· t· 
. l<~p ' · .. 

.... 
\ 

··;· .J. 

.' 
\. 

h~s •the fo= 
.i 't. 

n{p) ;~1~'l~(· i-1 ~rdv~,]).fkJ ~I K-p·,,.· 
. . 2.JT} F . . . . / 

• • ' .r ~ -. .. . • '· l • 

where D( 1<) . is'giveri l>Y: (17)~ After anaiog'ous calculations 
carried out in / 4f, .we have· 

'J 
'' 

7 
\- /, 



/ 

,· 

. , 

'1- ·'· 
.· / , . _ . ; ~-ioo:~~-i1>0 

1 
_ . 

1 , , . 2J..:.A'z 1T ~ _!_ · . .:L -Jd>] dz . . . .. . .... ·" 
\' fl_{p/- u~ ttrr7 (!i/'- . · · sih7i>sinnr {(1~:s)r(ifz) 

· · · . -' 13 -tii)O · -R -tiro · · · 
1 ·r1 .J.z . 

,,._: ... 

'1. 

1 ' 'Sf? • 
:...;__;..;__---,-----:- . ( Ro ~) . c r r-?->-.z) ;\ 

~· f'([+r+1 )f ([+!ftJ ~- ' . r(-T) r ( -2) 
• t ' ' ' 

' ' \ > • 

; ldx{t-;ft-~-~-;[,.;~ f z;.(t_;j} Z r?r >' 
,0 

'fniR.?-.c.<·1. ,_'we g'et. a finite result 
D ·~·, .~ ,-:.,, 

'•n.tz{·,z1 ~- __ ./·,_·_··. ··.···.i.f.n.- _·_.· .. ··.· .. . _<_"'_(;_·(· m __ z __ ·2_~') tP /--A . L . . ...... · , . -f: . RaJ 
· ... ·, .. ttu~n;.o.(f~n){f+v(J+n){j-;,): · .... 

~ I . ,- ' ' - . • . , • •' . : 

. In other words, absence'of ultraviolet divergences in our 
thea;~· is c~nnected 'with th~ fact that th~ G~een f~ct'ion of the. 

: force~transmitting quanta i's finite in x~space~ For example, ·Eucli~ 
/, .. dean .Green fun~tion 'corresponding to· (17) ,takes the forin: .. 

~ • l '. : ' \ ' • . •• _,. ' ' . ' 

'~ .. J) (xY:=,'7:)Hd~~ :;"j;f)Z)"C£:"- ;e~ 
£·. •. . · ~"'• . . . . . ,:~ . .. . . o . 

that' _.,_,· 

r . (.. 
should •. :. · 
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HaMcpaiiX . 
CroxaCTH'IecKoe npocrpaHCTBO-BpeMSI, 
Koact>aiiHMeHT-nOTeHU,Han: H nixmararop 11a~ 

PaccMaTpHBaeTC.sJ croxaCTH'IecKoe npocrpaHCTBO-Bil 
c;cy''laHHbiMH CTpyHaMH. BH'IHCJieHH n~eHII)IaJI KOHcl>aiiH 
'laCT~ B TaKOM HH.!cy~poBaHHOM rp3BHTa~OHH0~ UC 

KBaHTH, nepeAaiOmJie B3aHMOAeiiCTBHe, CTaHOB51TC51 HeJI<l 
JIIOAaeMHMH. K.BaaroBa.sJ TeopH.s~ noJlll TaKHX OO&eKTOB 5IBJl 

H oaa CBOOoAHa OT yJibTpacl>HOJieTOBhiX pacxoAHMOCTeii. 

, 
. Pa60Ta BhlllOJIHeHa B Jia6opaTopHH TeoperH'IeCKoii ¢ 

TipenpHHT 06-be;\HHeHHOrO HHCTHT)'Ta !IAepHb~ HCCJJe)\O&aH 

NamsraiKh. 
Stochastic Space-Time, Confinement Potential 
and Particle Propagator 

Stochastic space-time caused by. random. st1 
Confinement p<)tential and particle propagator are calc 
gravitation. It turns out that. force-transmitting quanta 
unobservable. Quantum field theory of such objects·is 1 

ultraviolet divergences. . 

. The investigation has been performed at the Lab 
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