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I. Introduction 

In paper /1/ E.Reya suggeated a teat for tbe determination of 
the gluon aelf-couplinga in QCD. Previous testa for QCD togetber 
with the.deep inelaatic acattering data invalidate~ all atrong inter
action tbeoriea with a fixed point /1,3,~ However all bigb atatist~c 
experimenta were insenaitive to tbe gluon diatribution in tbe nucleon 
and bence to a three-gluon vertex. Why did thia situation occur? 
E.Reya considered the contribution of the triple-gluon vertex only in 

• y("H"\..
the anomalous d1mension OG~ whoae contribution ia very amall 

in Q2-evolution of tbe momenta of the deep inelaatic acattering 
atructure functions /4,5/. However the three-gluon vertex first of 
alI defines tbe value (more correctly sign) of the firat ~ -func
tion coefficient, that ia the vertex ia reaponaible for tbe aaympto
ticsl freedom and it ultimately defines the value of tbe coupling 
constant J.~(o.,.) (tbe conàtant of the quark and gluon inter
sction in QCD). Let ua qualitstively analyse the reaaon of tbe weak 
dependence Df the deep inelastic scattering data on the gluon aelf
-coupling. Q2-evolution Df the momenta of the ainglet part Df tbe 
atructure function containa the following blocka in the leading order 
of perturbation tbeory /5/: rn 

t~lh. . . _ L L 

• . [ :i. (Q~) ] -"-L (a;) J: (O;) 2!", ~ Ln. (a:) (i- 2r,J:W:) e., ~: .. ,--) ~~ 
n 

_'\ ~ . 1.) ( (.:,Jrt _ 2 ~ Q:L \ 
(1) 

-Ln.(Qo l-te ,{(Q.J p2- + .. ) (l-:; +,- ) 

wboae aize _~eakly de~e~d8 on the value of ~o • In QCD tbere ia tbe 
equation L. (D.~) 7/2. (Q2.). After awitcbing-off tbe gluon interac

11.. l'\.. o . y<O)V/ yepm
tion tbe aituation ia opposite. Hence in QCD the coefficient 0- ~O~ 

dominàtea in Q2-evolution of tbe moment Df the structure function and 
(1l)11 (A=O

after awitching-off tbe gluon aelf-coupling tbe coefficient Õ+ '~ 
V(O)V\.. {Q)l1. o..t.-n 

~ O~~ • To the anomaloUB dimenaion ~~t ,tbe triple-gluon 

etn~tJ.U;(J~ ,;rn;:1 ~HCrnlYl n 
fâil~J;t!i~·JI x: li~lW.Bl1UJ~ , 
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vertex does not contribute (for tbe notation,see below).Q2-evolution 
of the moment of the nonsinglet part of tbe struoture function in 
tbe leading order does not depend on tbe gluon interaotion. AlI above 
propertiea are preserved on tbe wbole in the next-to-Ieading tbe 
perturbation ordar. Rence tbe term rv LA botb in ~o and t~; 
weakly influences Q2-evolution Df tbe structure function. 

E.Reya suggested to study Q2-evolution Df tbe very gluon diatri 
bution G(X Q2.) (more exactly its moments G\'1.(O:-) ) wbich 

I 

is sensitiva to triple-gluon vertex. Tbe qualitative reasoningcan be 
made in a manner like that done for tbe moments of the structure 
function. We get tbat Q2-evolution Df gluon dist~ibution moments we
akly depends on tbe value Df 00 and i t ia defined by botb coeffi 

(0)11 ,,(0)1\
cients Y _ and D+ and bence i t strongly dependa on tbe 

O VloH1 2
value of tbe anomalous dimension Ô&~ • Tbe tbeoretioal Q -depen
dence of tbe gluon distribution is considered in papers/4,5/. Tbe 
-experimental" information about tbe gluon diatribution can be got 
by knowing the longitudinal rl (X1Ql) and transverse 1=""2 (:lIG.l') 
structure function Df tbe deep inelaatic Bcattering /1,4/. Tbe expe
rimental accuracy Df tbe definition Df ~L(XIQ~) (more exactly 
ratio R'=- o'~ ) is small, bowever we can use tbe paramet

9/.rizations 8uggeBted in papers/1
, 2 

In tbis paper, we compare the tbeoretical Q -evolution ofibree 
moments (n-3,4,5) of tbe gluon distrib~tion witb tbe experimental data 
for ~2.(~IQ.l.) ~nd 2 Fdx,Q1.') /7,9/. We sbo. that in QCD 

ibeoretical and experimental Q -dependences Df tbe moments well agree 
.ith eacb other for different parametrizations of R(X,Ql). ' R 4<.pl)
(witb tbe exception Df the parametrization in tbe form Df =. ~ ). 

The agreement is not achieved for the tbeory in _bich the self-coup
ling Df gluona i8 absant. We call tbis tbeory QCD1• 

Tbe papar is organized as follo.a: 
In aection 2, we abow Q2-evolution Df the momants Df tbe gluon 

distribution in QCD and QCD1 to leading and next-to-Ieading orders. 
In "ection 3, we giTe "experimental" Q2-dependence of tbese 

1lloments. 
In aection 4, _e preaeni the graphs Df theoretical and experimen

tál Q2-dependence Df tbe moments Df tbe gluon diatribution and àis

cuss obtained res~lts. 

In appendix we give the next-to-leading correciiona to the 
mozents Df the longitudinal and transverse struciure function found 

~ /10-12/
in papars ~ 

2 

2. Q2-evolution of the gluon distribution. Theoretical results. 
~ 

Tbere are different possibilities af the connection (in the 
next-to-leading order) of the moments of the deep inelsstic Bcatte
ring and the moments of the parton (quark and gluon) diatributions/5~ 
We choose the par+.on distributions so that the anomalous dirnensi- ~ 

ons of Wilson operators andfi-function are responsible for their evo
lution and the connection between the structure functiona and parton 
dístributions ia determined by tbe Wilson coefficients /5,13/. 

Then Q2-evolution of tbe moments of the gluon distribution
 
determined by tbe renormalization group /6/ has tbe forro /5/:
 

GJi2') =(1_"1 L,(O;) \ [-,na') l~~
 
GJO:) 1" ~ 1"

(2) 

Gh-cã:)) _~) j HJiJ.', O~J ~
 

"1(1.) _ -e(2) 2. (Q:) \ [- J (Q') Jd~ (2) 

+ i f 11. ----- z ,
( n "Gn~) J(Q:L H.(D:,D.), 

v(O)'f/. V(O)1".. v(orQ
 
wbere 1'(1.) 04l'Y - 0+ t:1
1

('2.) ~ Glf d: = 
?r.. = 'to~ -t:~ 1~ ~ t:~~ t:~ 2~o 

~ ( y(O)1'L + v(v)'rt ± [( v(om. _ V(O)'rt \~ +L yt~)Vl ylD)V1.] ~)
d:"= l D\iI't' OGG OO/~ O~G) / OLi'\' 00/4
 

'---.. 

to the leadint order H;(02

) O~) :: i 
tb tbe next-to-Ieading order 

- - ')4) l(d; -cl~) ~ IL 

H± (1)', Q~) = 1. (,[ ((:1'1- J(Q:-))Z,,~ ~ (J:(O:)[ ~i~~) -I(a~) K±+, 
Voon y~n ywn . ,,(0)11. _ v(om.


± ot ±. ~t D ± K\1. n±=t
 D\1'4" n1=ZVl =: -~.- z~~ ) ~; ::: z-~c+ t~n- t;1t VlO)~t _ yl0)l't 

o't'41 o:t. 
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(i)n.. (1.)\1. 
Tbe coefficients V.,. -+ Y+ _ are expressed tbrougb tbe 

~-- J 0- + (\'lI.)It( , ' /5/
anomalous dimenstone ~i.J m=i,2) ~d :::'t',G )(Ílt.)1t calcu
lated in paper / 4/. The analytical forro of ~~J ia given in 
paper /15/. All tbe notation uaed bereafter is given in pape~/5/. 

Note also that to tbe leading and next-to-leading orders, here
after different coupling constants I l o (0.1.) and IMC;; (0.2.) are uaed , 

Tbey satisfy the equatione: 

~ - Q~
 
J.. (Q.') - ~o ~ ~, (3.1)


I \lOLo 

1 
IKs(Q;:) + ~~ êtL J:KS((t) ~ ~JiL a: . (3b)

/\~ 

In the preaent paper we use different values of ÂMS (and tbe 
oorresponding f\LO )S 

(1.) ( j\(1) \ 
1\ t '_ =105M ev \ ~ 9O Mev ) I \ MS	 Lo 

and 
(2)	 '/ (2) , \!\ MS = 230 Mev ( \ LO =: 2OO 11 ev) 

obtained, respectively, by the groups EMC /7/ 8nd BCDMS /9/. 
In, equatione (2) 8nd () we ueed tbe'first two coefficients of 

tbe êxpansion in po_ers of tbe coupling conatant of tbe anomaloua 
dimensione of the Wilson operators and ~ -function: 

vY\,	 " ~(ht)l1. _ lYtü »i-z 
O" (~) =: L .' LJ-] li(d-) =. -L Rrn [J.] .

LJ l'Yl-=i LJ ' \' m"'i \' 

Tbe parametrizations of tbe nonsipglet and ainglet quarks and 
gluon distributions are taken 8t Q~::: sGe.v 2. n/in tbe form: 

"" 1\ (n2..) 052. 3,26 ( ).A.U X,lJ.. =:O,2~X (l-X-) j+8.~LX. 

" (112\ o1 3 2 i n/I 1X L '.1:) lÁ ) '= G. ~ x. . (i-r)' 1"1.03 (i-X') 

X. Gex} Q2) =: 3.&1 (i -'Y..)6:1 

Tbe momanta of tbe diatributions are defined as follows: 

1. 

n i! tt (Q1.) ~ S
i 

~ X X - ç(x,(l-) ( ~ -= 6. 
) 
'~ 

) 
G; . 

D 

Tbe Casimir operator C enters into all quantities of equationA 
(2), whioh determines tbe different sbape 9f Q2-dependence of tbe 
gluon distribution witb and witbout tbe self-coupling of gluons. 

Q2-evolution of the coupling oonstant (J) is determined by tbe 
first coefficient in tbe expansion of tbe ~ - function: 

~o::: ~ (liCA - 4TF ) . 

After switcbing-off tbe gluon interaction tbe quantity @o' cbanges in 
sign and tbe coupling constant grows with Q2, like in QEDI 

1.	 ~ i O Q~
 
I (Q'2.\ -+ ~o (/rt -'
 

(4a)XL\)( Q1.)	 a:Lo i r 

_1_ + ~1 11 1_ ({\1.) _ 1. + ~1. fi T _ (n2) +R fnst . -_ (n2.) - U1. o;M~ \J.. - l' _ (nJ.\ Vn d..H~ r' O'~ 7(4b)(.1"	 \;,L,i
J.. MS lJ, @c OvM~ ~1J \~o i 

wbere tbe symbol J: (Q'-) stands for tbe coupling constant of QCD •
1

As follows	 from equation (4), we must determine tbe coupling oonstant 
at some fixed Q~ • In tbe present paper, tbe oondition is taken; 

I Lo (Q~) ::: JLo (Q~) for Q: =: 100 Gev 2.. 
(5) 

If we obose tbe equality of tbe coupling constants for smaller 02 

the difference between the quantities ~LO(Q1) and dlLO(a~ 
would be larger in tbe tested region ( Q2 • 50+1000 aev2) and all 
tbe effect obtained furtber would only be incre8sed. Por tbe next
-to-leading order we keep the oondition (5) in tbe forms 

--:- (Q2.) - (".2. rv (\'2.\ IY (2)J.. MS . 3 ::::; d...lo Oj ) ':::, J. l O ( b' .i> cL ~ Q2

.bere ( Q.~) Q~ ) 10 Ge.V2. •IV 

Tbis means that _e fix o~a and ~be sama point of interseotion 
of Q2-evolution of tbe cO~Pling conetants of QCD and QCD in botb tbe

1 
ordera of perturbation tbeory. Tbis situation is neitber obligatory, 
nor unique. Por example, we oan fix tbe value Q~ at wbiob tbe co~,ling 

5 
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constana Df QCD and QCD1 coincide in both the orders Df perturbation 
theory. 

2J. "Experimental" Q -evolution of the gluon distribution 

From the connection of the structure functiona and parton dist 
ributions we can obtain the longitudinal structure function in the 
form (the foments of the etructure function are defined by 

nFf(,",((r·),.~os~x :t. -2. FK(X)Q2.) (K~2J)): 
to the leading order 15/: 

FL)~ (Q1.) =- B~~~	 r {(t) G,~ (Q2} + b: ~(~~ r (Q~) Gn,((t) (6 a) 

to the next-to-leading order 112/ 

Ft,n (Q2) ~ B~:: J (Q2) [ F2,tt ((í2)(i + J: (Q1) 'P2l tL) + b~~ J((l) 6. 
tt 
(Ql 

·<P31~ ] + 6~ B:~~ J(Q~) G~(Q1.)(i~I(Q2)~J~) ~ (6B) 

where /10/ 

B
(~ * = 4C= Q(1.)(; 16 TI: 
L,~ tl+i } l) l,l'l '= (t1~i)(n+2) 

and the quantities 

· 'P :: R('2)Ci - B(1)& 

0(1)4

~ ~ ~ Rl?-)4J _ g(i)'J! 
1,n L.,t1. 2,tt Bll)~ J 2.,n. L,tt. 2,t1. } 

l,n. 

~ = R<.;nN~ - R~)~ 
~In. Lln. llh. 

are g1ven 1n appendix. 
Here tbe coeff1c1ents CÃ) CF and 1'~ are of tbe fo1"ll1 

N2.- i !
CA : N ) CF ::: W )TI'

I F ~ 2 

for tbe SU(N) gauge group and ~ quark flavoura. 
From equations (6), we obtain for the gluon distribution: 

to t~. lead1ng order 

6 

F (Q~~ .Qli)1jI 
L 1tt

G,(it) co /J (Q') -~ F",,(Q')	 (7a.) 
~/.. Q(1.)&
 

't' l) L/L
 

to the next-to-leadi~order 

I=L)iC (Q~ l _ B(.i)4' F (02.)( -\ -'( ;t) Gi) \ ('"2.. ~ '-) gli)'t'G(O') ~ ~ (O. ) _,':>"_--""--- _ :l ~ ~,,,- J_ ~ _<l"s_~~ ~6.(0 )'P"n'L __

11.	 ~ 2. 1)~1.)4 (' ~ 2) (:p \ (78)
'1'LJL , 1'l. 1-1.1(0. \1,n.) '." 

In equationa (7) we will uae -the quarit i ty R-::. ~?~1' in p-Iace' 
of the longitudinal structure f'unc t on , 'l'be:; are related a's' f'ollowa:í 

F (' .Q1.\ z: R(1: ,0 )	 S " 02.) F"""" '(. Q2). 
2 

C (., Q2).= R'(' 
L X, ) .1 ~ D("" I Ql.) I 2 Xl - X, 2. .X) 

The experimental data Df the Ri x, Ct) hàve large un
certaintiea, tberefore the mean values witb errora which are valid 
in some interval of X and Q2.. are given as a rule. The groupa 
/1,9/ preaent, respectively, the valuea: 

R-:: -0.010 ± 0.037 
(8a) 

R::: 0.015 ± o.Ol~ .	 (8b) 

Hera we reported only the statistical errora. 
In papar/8 / tbe data Df EMC group /7/ were analysed for tbe pur

pose Df defining the region Df values Df tbe quantity R(~)Q2) 
The dependence on Jt WBS not singled out: 

R(:x. )Q2) ~ R(Q2.) 

and Q2-evolution.was given in tbe forma: 

~ <p;'> c.R c.on~i R- R=~-=. I T & t{ 

7 



Tbe quantities R) <p{) ) C and tbe QCD parameter A=ALo 
were found to equal: 

R~ 0.000 ± 0.02i . Â. ~ g3 Mev (se ) 

<p~'>: (o.OOO±O.11'1) Gev\ 1\ -=- ~D Mev (9b) 

C:::. 0.000 ± 0.175 ) 1\ = &2 Mev · (9c) 

In tbe present paper, 'we made use Df all tbe tive parametrizationB(~9). 

As tbe parametrizations for tbe quantity R do not depend an 
tbe variable i: , tbere follows tbe eimple relation for tbe moments 
of tbe structure functioná: 

FL)~(a~)= R(Q~) FZ,It (Q2). 
Hence, equations (7) can be rewritten in a more simple form: 
to tbe lead~g order 

R~ -B(l.)'!'
 

Gn. (Ct):: I(Q~
 l.V!. Fz,~(Q') 
S~ (10a)Ul,tt 

to tbe next-to-leading order. 

R(01.' ---- (i) '\I	 1.-;L - ) 

G(Q"1.) = /;ftQ·) - 5L." (H J.ia )CP"" ((2 ) F (Q~) 
1\.. 1. QÚ,)(i (D \ l,tl. (.10 &)s: l)l,~ (i-i! Q~) I il~} 

where 

c::D	 (') _ <D ~'LD b. lo.1.)I 2 It U - r2 It - ()N~ i, rt _rt.- •
 
l'.:)' F21~{QI.)
 

In paper /7,9,16/ tbe problem of x.. -dependanc e of tbe 

8 

parametrizatians Df R(~IQ~) was discussed, as in tbe experi
menta (see /7,9/) tbe decrease Df the ratio was observed ~itb the 
increaae of tbe variable r (for the constant Q2). In paper /17/ 
tbe parametrization Df R(X,Q~ obtained Dn tbe baBis Df QCD bad 
tbe behaviour (i-Jt) in the region Df large 1: 

In the present paper, besides the parametrizations (8,9) we 
use also parametrizations in tbe form: 

R(XIQ'):=Q R((Y) (i-X) . 
(11 ) 

Por the parametrizations (9) we took a -2.5. Witb tbis meaning 
value of Q , tbe region restricted by the new parametrization covera 
tbe previouB region of values up to X-O.6. Por the parametrizations 
(8) we took Q=Z ao tbat tbe r~gions restricted by new paramet
rizations	 obtai~ fram (8a) and (9a) coincide, respectively. 

Note, tbat 

R(X,Q2) « i ar .Rex,Q2-) ~ R(X,Q~) 
and,	 bence, equation (11) can be presented in the form 

R(J:, QL) = a R(Q,L) (i-X) . 

Taking intp consideration~equ~tion (12) we get a'new expression for 
tbe gluon distribution,G (')::,01..): 
to the leadrng order 

R(0.1.) [(lÃ-i) F2 •n (Q'-) -Q F2.n~i ((1'-)J
Grt(QI.) = G~(QL) + 

, ~~ I((l-) 5~: .. , 

to tbe next-to-leading order 

G(rf1..) _ G(Q1..) R(Q1..) [(t\-i) F2 , tl. (Q~) ~lL 1:2 , ~~i (Q~)l 
n. b< - h. + S~J.(U1.)~~,~(i~I(Q~'Pi)tl.) 

Por tbe moments of F2 ~ (aL) we use the paramet~ization 
of tbe transverse structure fUnction in tbe forro /7/: 

( C ( C- ") I C Q']F2C:t,Q~)::: CiX Z.(1-J:)·~ '\-C1 (i-X) s 1+ (C; (~-x.)1-t(8)~ 1", ) 

wbere 

9 



(i -::: 3. 313 ~. C2 ::: O.9g~-; C~:: 3.6g8; C,-= 0.216 

C5 -::10.62<3 i C& -::: 0.282 ) Li- -= 8.c~~5 ) C8 :::- 0.0 lI? . 

Tbere ia alao anotber poaaibility. We can uae the parametrization of 
the atructure function a certain value of Q~ . ( Q: -= s-Gevz. ) , 
tben we can decompoae it in the moments and reproduce tbe moments 
for other Q2 using known QCD equation to the leading order 

\- 2. F ( "4 [r lQL) ] d.~s , 
12,11 (l~) -= 2,~ Qo) :r (Q:) (5)1 

r ( Q2. G \ 0.59 2.4:)12. z , ()-::~- e.v2.) ~ 1.75-): (i-x.) (i-D.761:) (~Ot- r ~ 0.3) : 
(u) 

This procedure ia possible for tbe following reasona: 
First, to determine Q2-evolution of the momenta (fOI n. ~3 

of tbe gluon distribution, we ~an uae tbe parametrization of tbe at 
ructure function for X~O\~ (tbat is _e can neglect tbe sea 
quarks) (see /1 /); 

Second, tbe predictions of QCD. (both to tbe leading and next-to
leading order) _ell dea~ribe tbe experimental data, tbat is, tbia 
approacb ia as good as a aimpe expansion in the momente of tbe ex
presaion (14); 

Tbird, tbe valuea of the expreeeiona (15) do not cbange practi 
cally wben tbe aelf-coupling of tbe gluon is switcbed off, tbat is 
und&r tbe cbange in eq.(15): J(Q2.)41(0.2.) (aee tbe paper 
/1/ and Introduction). 

Hence, it may be aaid tbat in thia approacb _e get the model-in
dependent (of QCD) expreesion for tbe moments of the atructure function 
at any Q2: Iloreover tbe parametrization (14) for Q2. ~ iOb 

gete 
negative valuea. Tbe quanti ty F (Q.4) in tbe expreasion (15)

2 2.111.. 
is positive at any Q. 

Note, tbat witb tbe parametrization (15) for F2.(rlQ~ 
- . ) 2 

tbe quantity 'P2,~ (see equation (10» does not depend on Q : 

45 (Q4) CO ([) b2. (D bn.(Q~) 
\ 2,h. ~ \2,n =- l~n. - tJS 13,l'l F--"l.) . 

21~(Qo 

In tbe present paper botb tbe parametrizations (14) and (15) 
were" used. In tbe tested region tbey bave very close values. 

10 

... 

For finding of tbe "experimental" Q2-dependence óf tbe momenta
 
of tbe gluon distribution in QCD1 we must make furtber aubatitution
 
J:(Q2.) "-?J:(Q2.) in.the expz-eae í.ona (6). (7),"(10:) and (13).
 

4. Tbe diecueeion of tbe results 

E.Reya hae suggested to consider the Q2-evolution of tbe gluon 
diatribution only for the first (n=3,4,5) moment~ /1/ ~e tbe values 
of bigber momente are very emall and tbey cannot be qbtained from 
the combination of the momente of tbe atructure function (wbich 
are mucb larger magnitude and wbich bave some errora). We bave ale9 
reatricted our consideration to n. ~ 5 • 

Tbe grapbs of tbe theoretical and "experimental" Q2-evolution of 
tbe moments oftbe gluon diatribu!ion for different parametrizations 
of R~ ~~~ (see (8), (9) and (11» are given in Fig.1.( 

Let us make common concluaions concerning the fit of tbe gluon 
self-coupling and tbe parametrizations R= 6~ • 

1. Pirst of alI note that tbe resulta weakly depend on the order 
of perturbation tbeory and on tae cboice of tbe parametrization for 

i=2. (X,Q1.) in the form (14), (15), tberefore tbe grapbs are 
given only for tbe parametrization (15) to the leading order. ~ 

2. As followa trom Fig.1c" tbe parametrization of R~ ?i 
~ <: ()~'>' T

in tbe form r<~../ó2. ia nonacceptable: for Q~?200Ge.\l2. 
tbe region of tbe momenta of tbe gluon distribution degenerates 
into tbe curve tbat does not coincide witb tbe theoretical curves 
of QCD and QCD1• Witb tbe cbange of the interval Df errora for (pl> 
the aituation does not cbange witb tbe exception of some diaplacement 
of the 'degeneration point. AlI thia ia valid for tbe fourtb and fifth 
momenta, therefore tbe grapba for tbem (witb thia parametrization for 
R~6~ ) are not given. Tbia dieagreement of tbeory~and experi

ment baa important c cnaequenc ee e , 'lhe parametrization 4 <, p.1. ~7. 
correeponde to tbe higbest-twiat contribution to tbe ratio R. There 
are attempta to explain tbe .data for R'=c(~T onlYby the 
bigbest-twiat contribution /18/, wbicb, according to tbe Fig.1c 
ia not correct. 

J. (For tbe momente n~4 and n-5). Tbe region of experimental
2 ' 

data on Q -evolution of tbe gluon diatribui±on in QCD containa tbe 
tbeoretical curve of QCD. Tbus QCD agrees witb the experiment. For 
tbe X -dependent parametrization 01' R~ õ'~T (11) 'tbe agreelllent 
Df tbe tbeory witb experiment ia more obvious. 

II 



I"I 

Pig. 1. Graphs Df the theoretical and tlexperimental" Q2-evolution Df 
the moments (n-3,4,5) Df the gluon distribution to tbe leading order 
of perturbation theory. The dasbed curve corresponds to tbe theoreti 
cal Q2-dependence. Tbe solid (witb primes) curves denote tbe upper 
(lo"er) boundary of tbe Itexperimental" Q2-evolution Df tbe gluon 
distribution for different parametrizationB of R~~~ 
a). f) and j) - for (8a); b). g) aad k) for (9a); c) - for (9b); 
d), h) and 1) - for (9c);e), i) and m) - for (8b). The dotted (with 
incision) curve corresponds to the upper (lower) boundary of the 
"experimental" Q2-evolution of the gluon distribution a:rter the 
introduction of ~-dependence (11) into the parametrization :ror 
R=r1V6r • The indices 1 and 2 denote the curves for QCD and 
QCD1 , respectively. 
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4. Tbe experimental d8~a of Q2-evolution of tbe gluon distri
bution in QCD tbe exception of the parametrizationR -const,1(with
n-5) do not contain tbe tbeoretioal curve Df QCD1 beginning from 
some Q2. Hence, does not agree witb tbe experiment. 

5. (Por tbe tbird moment). Tbe curves corresponding to tbe 
upper boundary of tbe "experimental" Q2-dependence Df tbe moments of 
tbe gluon distribution for QCD barely overlap (se8. figure la) witb 
tbe theoretical curve or do not overlap ai all (see Pig.'s lb), d) 

and e». !bis disperancy can be attributed for BeTeral reasonaa 
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1) The parametrlzation of R(:x,o.1.) must depend on X 
2) To tbe tbird moment of F2.(xJQ~) tbe see quarks give essen

tial contribution, whieb is not teken into aceount in tbe expression 
(16 ). 

) The parametrizations for R(x1 Q1 are oorrect not for tbe 
_bole interval of .x ,but beginning from some X. ~ 0.2. • Por 'X.(.0.2 

tbe parametrizations for R must bave larger va1ues (8eo/12/). 

Intrt'duetion of tbe :X. "'dependence into tbe parametrizations of 
R(x,Q~) (see (11» gives a more satisfaetor,y bebeviour Df the 

curves in Figs. 1a), b) and e). In Fig.1d) I tbe situation ie better 
altbougb tbe theoretical curve and tbe upper boundary of the "experi
mental" region do not over1ap as befare. Hence the 'X -depen
dent parametrizations (11) solve this problem on1y partia11y. 

As tbe result sligbtly cbanges when using tbe parametrization (14 
for F2 b:,Q.2.) , tbe essential contribution of tbe sea quarks 
8eema improbable. 

If tbe discrepancy is accounted for tbe tbird reaaon tbe agree
ment bet_een tbe tbeoretieal ·and "experimental" Q2-evolutions of tbe 
gluon distribution in QCD ia poor for tbe tbird moment (na) and it 
_ill be improved witb increasing n. As is seen, tbia situation teIes 
plsce in reality. Hence the poor agreement of tbe tbeory _itb experi
ment for tbe tbird moment does not out in doubt tbe self-consistency 
of QCD obtained at larger valuea· of n 

R...... 
6. Out of tbe used parametrizationa of R ') J? "'(1-.):) and 
(1-X.)~~ , the second is more auce eearuã , wbere tbe tbeoreti 

~~"if\'" 2 
cal and "experimental" Q -evolutions of tbe gluon distribution in 
QCD not on1y coincide for a large inter'V'Bl Df Q2 but also have the 
seme tendency as CÀ1.....,~ • However, even in tbis parametrization 
tbere ia no such coineidenee for small Q2 .bere to R~ d~ tbe 

T 
bigber-t_ist contribution is essential. In tbe wbole interval of Q2 
tbe most sueceaaful parametrization ia (see Pig.2)s 

- O.SO{i-r) - 4<p~'>
R- ~ Q1. + O.OS Q'2.'
 
N' 

Certain ~ -dependence of tbe seeond part of tbe parametrization 
(11) ia p08sib1e. 

In Pig. 2, tbe tbeoretical and~xperimenta1· curves are Dbtain
ed _itb the belp of expreseions (2) and (1) to tbe'next-to-Ieading 
order, respectively. Generally apeaking, a correct analysia of tbe 
bebaviour of tbe gluon distribution in tbe region of amall valuea 
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Fig. 2. Tbe grapb of the tbeoretical (the daahed curve) and upper 
boundary of the "experimental" Q2-evolution Df the gluon diatribution 
in QCD to the next-to-Ieading order for the parametrization ~ ~ 

~ 4- ~<p.1't> 
D Q1 ~. • 
~ _ 0.1

1\"1. 

Df Q2 requires to caIoulate tbe higber-twist contribution in the 
anomalous dimensione and tbe caefficient function of tbe Wilson ope
rator. Unfortunately, tbia oaloulation has not yet been carried out. 

1. Let us oompare wbat is the egreement between the tbeoretical 
and nexperimental" Q2-evolutions of the gluon diatribution at valuea 
of R(1:,Q2.) obtained by the gz-oupa mc 11/ .and BCDMS /9/. For 
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tbe BCDMS parametrization at n~4 and n=5 at Q2", 10) -:-104 GeV2 tbe 
theoretical curve is placed approximately in the centre of tbe experi
mental data (at na) tbis ia not 80, see subaection 6}. For tbe data 
of tbe EMC group (and tbe data obtained in paper /8/)the tbeoretical 
curve ia placed near by tbe upper boundary of tbe experimental data 
as tbe mean value for R(:>'\ Ql.) ia negative (equal to zero). 
Note tbat the logaritbmic parametrization in tbe forro (9c) ia deai
rable for tbe BCDMS data. 

5. Conclusion 

Uaing tbe experimental data obtained in ref.'a /1,9/ we bave 
carried out tbe fit of tbe gluon self-coupling in QCD. We bave also 
sbow that only the power violation of Kallan-Gross correlation /2/ 

ia impoBaible. However, it is neceBs8ry to bave more accurate values 
for F2...h,QI..) and particularly for tbe ratio R(x,Q..l.) • So, 
even the decreaae of the interval Df errora in 2~J times would allow 
UB to eíngle out in per cent the logarithmíc and power violation of 
tbe Kallan-Groas correlation and to obtain an X -dependence of tbe 

ratio R-= 6"~T 
The author is grateful to Kazakov D.I. for permanent interest 

in the work and numerous discussions and also to Efremov A.V., 
ltadyushkin A.V. and Vladimirov A. A. for useful r ema.rks , 

Appendix 

1. The one-loop corrections to tbe coefficients in the Wilaon expansion 
for tbe transverse etructure function are of tbe forro /10,12/ 

DlD4J [C' 2 S S (3 i \ 9 3 1. Z i]
D2)lt =2CF ~i(h.) - 2J~L) 1-- 1.(tt) 2 - n(n.ü)) - 2: + 2 ti" + it:i + l12 

i) G 2'1"1 ]Z IF 1.. 2, i L ~ ,
~2,Yl::: f1+:1 LSi(rt) (-1- n + t'l-+1.) + n -t n-z. -+ n."l
 

where -\'1. 
i


St(tl)::: 2 7'
 
K"i 

2. ~be two-loop correctiona to the coefficients in tbe Wilson expsnsion 
for tbe longitudinal etructure function are of the forro /11,12/; 
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;;.. 

(2.W f,

Rlllt =(1CF - CI~) [8 k2 (~) Si(n.) - 8a(n.) -\- Lt K3 (n)- LI S.3(n.) + i 2 ?(~) 

- ~ ~ ~~~( 4K,(>L)-3) t~~( 6 7(3)- 7} j-9 K,(Il) (i+~ - ~+t -L;-+J 
2.3 (' 2,15" U 1. H. ~ H.-L J-im [(' 1l-_.!._..Ll 

- :3 ..)1(tL) - ~ -+ "3 vt + "I n·ti - 5 n-s :) I F Ji(t1.)-+ 6 h. Ih1.j 

"l. C C ( 1.~ _!...- _ .L \ -t 211 - 1:... J:.. - li .L -t!.-. - .L 1 
h lo+2er [S1.(n) - J ( h.} -t .J1(tt) "6 ~ tVri) 3C 6 1'1. 6 It... i (h."ri.YJ

1 

f'i"l)'Y _ rPHJS + 2:\'T.'e [s (~)(-i_L-+ ~)-i-+~ !...._ª-~i...""~l:.-_~l 
Kl,n - KLI'" (tl"'i)(Ml) i. tl-i n. 3 11-1 n. 11-+1 ~ tH2 l1.iJ 

R~,: =-2CF[~ ~ i;_&; (41<2(Vl) -3) +S~(6 7(3)-7)~+2K2(>L)(1-~n:3) 

+S(~) (~ + _1- \ -to li - 3. ..i. .+ 1..!... -+ ~ 1-. - ~ +!- ] + 
i. 2 rL(tt+l)) S í n. Z n"'i 5 n-s n?' Qt-\-1)2 

+ 2CA tS~(tt) - S2(n) ..:I, K,(n) .. 2St(tt)(Z- ~-i + ~ - ~+t) •t + 

+ 1.1 ..L ... ~ + ~.L + li. .L _&- -+ L - L1.]
6 h.-l n 2. Vl+i 2~ 11.~2. n~ (h-ti.Y (ht2.) 

where 

K,JnH:i)hi !;-1):'1.,. 7(') i-e-i)" 
K~~ K 2 

n ~~i ~ 

K(>L) ~ti)'l L ri~~ + t 1(1) i-~i) 
3

1(-:1 

"- k-ti 
Q(tt) -;t i )\'1. L C-i) :~(K) + f -«3) i-(-i)l1.. 

k-=-i \( (Z 

All tbe above reaulta are given in tbe MS scbeme. 
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KOTHI(OD A. B. E2-87-933 
$~TcaMoAeHcTB~~ rn~OHoB B KXa np~ pa3n~4H~X 

napQMOTp~3a~~RX CooTHoweH~~ R = aLiar B rny60KoHeynpyroM 
pacce~H~~ nenTOHOB Ha aAPoHax 

npOBeAeH $~T caMoAe~cTB~R rn~OHOB B KBaHToBo~ XPOMOA~HaM~Ke AnR Tpex 
r3B2.PeIn	 3,4,51 MOMeHTOB rn~OHHoro pacnpeAeneH~R B 06nacT~ Q - 50il~00Q 

3ynbTaT c~nbHO 3aB~C~T OT napaMeTp~3a~~~ OTHoweH~R R(x, Q2) = 0L/or, rAe ar 
~ 0L - ce4eH~~ B3a~MOAe~cTB~~ B~pTyanbHblX nonepe4H~X ~ npOAonbH~X $OTOHOB 
c HYKnOHOM. nOKa3aHa BeAy~aR ponb norap~$M~4eCKoro la He cTeneHHcrol Hapywe
H~~ COOTHoweH~R KannaHa - rpocca. BBeAeHa TaK~e X-3aB~C~MOCTb B napMeTp~3a
ll~~ AnR oTHoweH~R R , 4TO ynYl.4waeT peayns r ar $~Ta. 

Pa60Ta B~nonHeHa B na60paTop~~ B~COK~X 3HeprH~ DHHH. 

nponpmn O&loa,nlOlCllDIOro IDlltI'lrryTD nAoflllhlX IlCCJl0.l10DaJlld\ . .uy6l1a 1987 

Kotikov A.V. E2-87-933 
Fit of Gluon Sol f-Coupl In~ 'or Ol'foront 
Parametrlzotlon. o, R • aL/aT Rotlo In Ooop 
Inelastlc Lopton Scottorln~ on Hodrone 

Flt o, qluon lol'·coupl Jn~ Ii moda In QCO For three (n = 3. 4, 5) moments' 
of Rluon dlltrlbutlon In tho rOQlon or n2 ~ 50 + 1000 GeV2 

. lhe result de
pends 8tronnly on tho paromotrllatlon of thc ratlo R(x, Q2) = aLiar where aL 
and ar oro eroD' Doctlona of tho lonoltudlnBl and transverse photon scatte
rln~ on a nucloon. Tho nocoDllty II nhown molnly of the 109arithnic (not po
wer) vlolotlon o~ tho Cal1on-Grols correlatlon. x-dependence is also introdu
ced Into the paramctrlzotlon of tho ratlon R (x, Q2)., which improves the re
sult of the flt. 

lhe Investigation has been porf6rmcd at the Laboratory of High Energies, 
JINR. 

Preprint of the Joint Institute for Nuclear Research. Dubna 1987. 2·. 


