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According to modern ideas, the basic features of strong in- . 
'teractions are-described by quantumchromodynamics~·.At·the same 

time this theory'certainly includes the previous results ex- . 
• "• t<>•. ' ..J . .' . • ', 

plain1ng, for example, short-range nuclear forces. A:s. 1s known, 
the Yuliawa idea 111 played an important' role in due course. Ac
cording to this idea, nucleons interact between themselves with 
the help of pion. exchange. The Yukawa potential (stationary 

. meson field, i.e., in the c.m.s. s~c for the~nucleon) takes the 
form · 

·1, 

~* = _ exp(-~R*) 
. 1T g1T . R* 

(1) 

Here g denotes the interaction constant similar.to electron 
charge 1T in electrodynamics, 1.1 is the .pion mass and 11 = c = 1. 
Just Yukawa~s exponent in the'function ~*leads to the fact 
that the "action radius ... of nuclear forc~s, ~- 1 (-1 fm), is 
smaller than the one of electrostatic forces described by the 
Coulomb potentiaL Further on exchange by heavier mesons has . 
been taken into .account to explain .the strong interaction be
haviour at small ranges. Along .with (1), for example, we have 

exp(.:.l.l .R*) * ' v ' 
~v = -g ~ · R* , · (2) 

where 11 v; are the ve<;!tor ( p and w) meson masses. . 
On the other ha~d~ supposing, ·for example, 11 v = 0, · in ,the . 

last expression we return evidently to the Coulomb potential 
type.· Applying to the gluon fieids, .this potential named a co
lour one is· written in the form 

a 
~* - s g - - R * • (3) 

where rc. s is a moving constant. This result can be obtained in 
another way for·exponent expansion in a series at small values 
<?f ~ v R*. It is evident that the first term will present ex
pression (3). As already noted since free gluons and quarks 
are r10t. observed in nature, the colour potential must be "bro
ken".on the bound where ~uc;lear forces end and hadronization 
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of. the quark..:gluon field· takes plac~. Apparently, . in any case 
this' role is qualitatively ·taken just by Yukawa ·s exp'onent. ' 

· In. order' to ·answer. the question of our interest concerning ' 
the nucl'ear field behaviour of :the relativist'ic nucieon, it is 
necessary to. go to a' moving system (see Appendix). Strictly · '· . 
speaking; we' must have correspo'naing relativisti'c' '- >c'ovariant 
expression. Ori the basis of analogy between~ the gluori ,;an'd .Gou-. 
lomb pote'ntials and based on ;·the· transition· from t~e Couloinb:· 
to thi{ i.ienard ·.:. Wiechert· potential for the . 4.:.vector ·af ·.the 
gluon potential,we find· · · · · 

~i = 
g 

. i i •••. 
a

8
·u 

uiR. 
,1 ; ~ ~ ' 

''(4)'. 

. ,. ... ,. . .· . ·' ' . ·.' ,· ' '' ''•) . . ' ' ' 
where • u 1 is the nuCleon 4-velocity; R., the 4-vecto'r of a"re-.. ·• ,: •. · . . . . . . • ' ' ·.. 1 ·, . . •... , ' ., 
tarding·distanse, i;:·k = 0, 1~ 2, 3: In fact~ ·on the basis of 
this're~ult for the i~lativist:ic exp'ressio'n cor'r~spo'riding to 
(1).and (2), we have 121 

•' ; "j . • 
... : . exp C- w u 1 • R . ) 

"" • ,,.,., · • • · ,,., .... L .. 1 ... 
~ = -g 

1T .•.; ·' ,;,1Ti 

(S)" 
ui•R. 

.. 1 .. 

. . ui• .. (·,, . .. i ,, 
,;1·.:......... . . . ... exp -llv • u ·R.) 
'I' - - E ·g ······ · ·· ··· . 1 v . . . v . " . 

~, w u 1 ·R .. 1 : .. 

r:~ 

:;uo· 
j ' ~ ; } 

"'ik ·,; _ .:.:; u i u k exp(~~ ~uiR. ) 
'~'T . , . . E g T .·. . . 1 

. A~ ,f . . u1R ! • 0 
f ' • '~ " -:.~ • f i . " .~. . ... t;· 

(7) ,, 

I ~ ,· ' ', ' 'f\ ! . j ·~ l ' / ' (_ , 

Here ·we .. have also written down the formula for tensor poten-
.d.al that, .a's is seen, .describes the virtual meson field .with 
~pin 2. '' · ' ' · ... · · · '.! 

Taking into account-that the masses of p(A2 )·- and w(f) ·-·· 
mesons are close, one can, in a good approximation, move off 
the exponent from .under the summation mark. ,Then we .. shall evi
dently .have: simply, the SWn 'of the Correspon'd:f'itg i~'teraction 
constants'·: :on ):~e basis' 'of (5), it has .been previously shown 131 

_that the equipotential· surfaces "for. the 'pion1c field ,of the .. · 
moving nuCleon' 'have the shape. of a rotating elifps,oid. , Tliis. 'el
lipsoid.,is .stretched in the directioJi.of'motion~· The degree of 
"stretching'~. i's determined by the value o'f u'' '(or by the' La-:·. 



rentz-factor). Besides, ,it has been found that the vector. 
field co~tdbtition due :·t.o u i. in the' numerator increases and 
becomes domilul.ting. a·t tio ::: 102 ~·.But, may be, .the most. important 
result is the transverse size gr'owth for the nucleon' due to. ' 
the vector field.'"This increase is sufficiently well des~ribed 
by the .. function ( lriy ) 0 • 

8 ~ The .observed growth of the nucleon . , 
. interact fan cross. s'ection at . y .::: 10 2 is apparently due~ to. the .· 
indicated increa'se ~f the tran'sv~rse 'size of- the n'ucleon. . . 

Below we pres'erit. more precise' data. for the vector meson ' 
field behaviour and also for the A2 - -~·, f-:mes.on ,and the gluon 
field. _.,· '· · ' ' 

On the basis of 141 for the interaction const~nts the follo
wing precise va~'ies have been. obtained: (gp + gw)·g; 1 ~ 0.96 ± 
± 0.08 and gf•g1T = q.47 ± 0.03. . .. • 

These values were used in calculations. The results of cal
culatio~s are given· in the tab_l~ ,whereRl.. denptes t.he maxi,mum 
transvers,e:.size and Ri is in fact ~the longitu'dir1al '·size ''for 
the corresponding field: For the gluon field a. is assumed'to· .. • .. ' . . . ' ' . ,. .. . ' s ., ' 
be g • e- 1 ~ · · · 

y 1T 

R.L,~-1 Rf II 

1 1 
1,5 1 
5 1 
10' ,1 
50' 1 
102 1 
10 3 1 
10 4 '1 
10 5 1 

i 
2.6 
9.9 
20 
10 2 

2·10 2 

2·10 3 

· 2· io 4 

2•10 5 

p,w 

R_t R f II 

0.36 0.36' 
0.41 1 .. 1 
0.5} 5.6 
0.66 13 
0.90 90 
1.0 2.0·10 2 

1.4.' 2~ 7·10~ 
L7 .3.5•10 4 

2~1·· 14.2-'l0 5 

Table 
::! 

A
2
,. f gluon 

_R.L lny/ln81 ~I , R~ 
0.21 
0.27 
0.47'' 
0~60 

0.90 
1.0 
1.5 
2.0 ' 
2.5 

1.0 
··1.5 
2.0 
2.5 

f. 

0. 21 1. 1 
·0.70 1~5 3.9 
4.7 5, 4.9 
12 . .10 .· 2~ 102 

90 50 5~10 3 

2.0·10 2 102 2·10 4 

3.0·10 3 103 2·10 6
, 

4:0•10 4 10 4 ,2·10 8 ' 

4.~·i0 5 '10 5 i-1ofo · 

'As onecan c'on'cltide fr6m the table·,· the fi'eid .siz~'-()f spin 
.2 mesons grow~ faste'r (in comparison 'with the 'vector field). 
At the sanie.time transver~e sizebeha:viour is desc~ibed 1 bythe 
function lny. Certainly, ·as is seen, the free 'gluon field • ' . 
'' swells 11 more significantly. 'But the behaviotirof .the Jiucieon·, 
size. must be effectively. determine4 just by· the .meson field 
due to hadronization processes • on the nucleon "bounds11
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So, the nucleon cross section.will grow proportionaly to 
( 1ny) r. 6 '+ (1ny) 2 'with· in'creasing ·its energy~ .The basic 'cont.ri
bution will obviously give rise to meson fields with higher. 
spins due to a fast'er growth.·' ' · ' . '· 

APPENDIX 

We pass from the rest system S* .to the S-system, where the 
nucleon moves (with velocity vx =~),.in order to get an ex- .. 
pression for the Yukawa potential of a moving nucleon. For this. 
we should make the Lorentz transformation of distance R* in 
formulae (1) and (2). As a result, we have 

R* = I y* 2 + x* 2 =I y 2 +-(i - ~t) 2y 2 , (A.1) 

here y is the Lorentz-factor. Passing to polar coordinates and 
assuming that the propagation velocity of strong interaction 
is equal to the light one, i.e., t = R, we find 

R* =I R2 (1 - Cos 2 8)'+ R2 Cos 2 8y 2 2~Cos8R2 y 2 + ~ 2R2y2 = 
. (A.2). 

= R I (1 + ~ 2 y 2 ) - (1 - y 2 )Cos 2 8 - 2~Cos8y 2 = R(1 - ~Cos6)y. 

Just the last expression was used to calculate the equipoten
tial surfaces of nucleon meson fields. 

With the help of 4-velocity,ui it can be presented (A.2) 
in an explicitly relativistic invariant form: 

yt - ~yx = U
0 R0 + u 1R1 • (A.3) 

In such a form it figures in. formulae (5)-(7) •. As to .the rela-. 
tivization of Yukawa·s potential, for· example, for vector me
sons, the condition ~v + 0 in the transfor1n~tion to the Lie
nard - Wiechert potential should be additionaly taken into ac-: , 
count. This means that in. fact the right part of formula '(5) · 
should be simply multiplied by 4-velocity.' 
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6enRKOB B~A., CTpenbq 
0 11 non·epel.fHbiX pa3Mep~t 
HyKnoHa 

. Ha ocHose penRT~B~ 
. l.fTO nonepel.fHbre pa3Mepr 
n~l.feH~eM ero 3Hepr~~ · 
Top, 3a Cl.feT nonR B~p· 

saeTcR MHeH~e - ~3Bec· 

np~ BWCOK~X· 3Hepr~RX, 

HOr/1 np~l.f~HOr/1. 
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