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1. Introduction

In recent years, in connection with the progress in Quantum Chro-
modynamics (QCD) it is necessary to compare the theory and experimen-
tal data (ED) for different processes. One of the most intensively
inveatigated processes ig the deep inelastic photon acattering (DIS)
on & hadron. Theoretically, it is convenient to consider not the DIS
structure functinns (SP) but their moments whose coefficient func~
tions (CP) can be calculated in the erturbation theory (PT) and
improved with the hslp of the renomlizltion group method (RBI)/ 1/
However it is convenient to compare with experimental data (ED) the
SP themselves. They cannot be reproduced analytically from theéir mo-
ments, therefore different parametrizations due, for example, to
Peynman and F1e1d/?/, Buras,Gaemers) and others’>/ are used. Pollo-
wing /2/; Lopec and Ypdursin (they cslcunlsted the 'l.!d'lng i\Me\w (10}
4/ and the next-to-leading order (NIO )/ 5/ of m) have shown thlt one
oan find the parametrization parameters by analysing the SF behaviour
for X~0 and X~4& o 1 parametrisations are simple and
exactly satisfy oermwn rules) Por TvO and x~i they also ss~
tisfy exaotly the evolution oquntioni* of QCD and for the intermediate
values of tmmmvrh less than 1% (see /8/). However, ths
'prooedura of finding the SP behaviour in the 10 (especially in the
-:I.nglot chm}ol) is extremely lnbou.r-consuling and difficult for
understanding (loo/ 9,10/ ). The orig_:l.‘n- of any coefficients in_the para-
metrizations-is not clear becsuse use is made not of the Cuin:lr\ppe-
rators of. SU(I ) grou\but of their values for Na3, Moreover, the ob-
tained oocefficients are scheme-dependent (SD) (that is, the coeffi-
oients depend on the way of removing divergences).

Much attention has been paid to the problem of scheme-dependence
in quantum field theory (see, for example, /"-14/). In paper 12-14/
the so-called scheme-invariant perturbation theory (SIPT) was sugges-
ted and developed, in which tho series in the coupling constants wes
introduced each of which eomlpond- to a certain physical process
(or quantity).
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In short, the esaence of the SIP? is the following: & certain
physical quantity

R = d(teidx..) 1)
can be expanded in the new SI coupl:l.ng constant
oo (2)

The expansion parameters A(Q\'") and ((Q*) in e two-loop app-
roximation satisfy the equotionaz

L) + B @) = B (DR S By hae =gl (B%) 09

and the qcalea nnd are connected as follows

Bo Q\(/\«//\\ 7. (5)

Hereafter [ and @L are the first two coefﬁ.cientn of the
o 2
(Q )-oxpansion of @ ~function: P(d)_ - P”‘[A]m

In ‘cho present paper,~we consider the b:hoviour of the quark and
gluon diatributions (DI){ in /the first two orders of PT. The SP and
ratio R= L/&r( A ond\f/f are the cross sections for the longitu-
dinal and transverse polarized photon scattering ¢ he-nucleon) in
botMoS:ers are obteined with the help of the
of( Wileson coefficients and the DI. This approach is more clear. The
SP parametrizations are constructed following papers 45/, Moreover,
we oongider the SI behaviour of the SP and ratio.R for XX~0 and XY~4
and construct their SI parametrizations. The merits of these varamet-
rizations are described in detail in sectinn 4. Here we note that the
SI parametirizations of the nops&ngzo%t sp (soo/ 5/ ) agree with ED of
g:roup/ 17/ petter' than the &rthodox parmtr:lntions/ e
We draw the graphs of the parametrisations of the ratio K= ‘5/‘
The curves well agree with the ED of different groups 18-22/ . v
i dix 1, using the Mellin transformation We recomstruct the
Q -evolution 0f the SF in the region " ~q (see /6/).
‘“In Appendix 2, we get the olg ~correction to the longitudinal SF
using the c(s =corrections to their moments obtained in poporo/ 23, 2‘/
In Appendix 3 analytical values of the parametrization coeffici=
ents in the vicinity of X=0 and X=4 , respectively, are given,

2, Ths behaviour of the DI, SP and R for 'I-'.L

There are different possibilities of: tho oonnoction (in the NIO)
of the DIS SP and the parton (quark and gluon) DI « We choose the
parton DI 80 that ‘the nnomlouo dimonsTI.?nq of Wilson operators and
@ -function are roaponaibre or their evolution, , and the conneotion
be tween the SFP and parton DI is determined by the Wilson coeffioci-

ents /25,26

ntegration .

Voo

1. Knowing that for & certain value of Qz the DI for x4 (see,
for oxmplo/ 8,20/ ) behave as followa: (O')

A(x,Q3) = Ay (1Y s"’)'Z(Qc Q)==, (1-x) $a°)(u‘r(ar: ) =G, (+-)
and using the Q -avolution of fho DI moments , We can determine
the DI behaviour at different Q H

L, 1) = Al Q)@ Tk (2.0
SO, 0= 3 (2, DR)® Tl (2,0 b x OO T (¢ M) 0 D, a:)® 7&1 (2,69
G“’(x 0 = 6(x,05)® “L (2,0 *Z(x QNS TG (2.8 ¥ T, QO T S (2,0

Fi®F@= S FUaR(34) 44 .

The values of the coefficients T(‘; and TA”L (jm=y,&) sre given in
Appondix 1, We can neglect the contribution of the gluon DI because

2¢YE- V3¢ 7 (nee /18+20,27/),
o oes, we get
to th. 1.0 ”5

Vo
(L ¥ 6)wa), 2 )= Add) r(-;\-?q&%b t ()
Y

e 6= A, s[ouzrﬂ “ ’“‘

G (1 Q’-)~ &(Qz)] do (i’x\ (1*3 (1’ Q‘) (1—1))
to the Im\c? G T(24 V) (R (L)« § Y@@

e, @) = 2,0 (140 245 (- 4007 E,82) 1)  re)
'Z("('rQ")-E‘”(: O (14 LA e B-AOD T B 020,60, 0)=6 @1+ L E Poe, 0Y)-
where . 140090 - 4TeCa/Ce | o) Fx Q"SD
V‘(A)=V; a\&(a‘)) X U 12(Ca- CF§ (10)

r(g-_)ond W(;r_)oro the(Euler F -function and L{J-funoi:ion. respec~
tiv,o]: and ¥

(within the notatidn) with the ones obtained in papers /4*/, Here
f g"' where §= (v S 2) (mee /5 '1.6/ and Appendix 3). The values
of the coefficients ;_7(x Q) and Y(@x,e) (i=v,6) are given in

Appendix 3.

We note that in the 10 and NIO the d:l.fforont coupling constants
J\m( Q) snd Otns (@) are used. They satisfy the equations:

5@ = B (BAL) | Yam@ + Bl dm (@) = b (ERE)-
In the present paper, we use different values of /\ AS (and the
oomlpondins Ao s
N = 105 Mev (A= 90 MeV) /\nf 240 MeV (N7, = 180 MeV)
obtained, respectively, by the groups EMC /18 ong’:lﬂli__fo/-
Hereafter NE-4 — %
Ca=N )CF" EY'R and T /2.

for the SU(N) gauge group and £ quarks flavours.
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..As the Euler constant. The quark DIcoincides in form



2., The SF are expressed through the Mellin integration of the
known Wilson coefficients and the DI:
to the 10 /25

ETICS 0, Fo% 0= 20,0, B0, 0= 0000 B Coym %, 00)

}_(l) x Q") }gi) [2 ”W 7)@ Z(D(x Q,_s) "'B(U ) ® G(A)(I Q,_)] (11a)
e

Ff‘ >3 ) = (@) BE () (14109 R )@ A%x )

DS @y = RO BY ¥ () (14a(@ R Y1) )@ 3%,00) + B () (14 @I RE 0BG T Q).

Here B@w;(n B&w . Horenfto:; the :l.ndo::1 K runs over 2 and
L. The values of the ooefficionts By "(‘L) and RL J(Q (J NS¢ &) are
given in Appendix 2,

The SP xF,(x,Q%) 1s expressed through A (x,(7) and the valence
quark DI, Hence its depsndence on x and oy is the same as for
F,_NS('J: Ql) « Therefore we will not distinguish between the funotions

S(:x oY) and ¢ F(x,(*) (the difference in their parsmetriza-
tion coefficients will be given in Appendix 3).

Suvetituting into equations (11) the DI in the form (8) and (9)

respesotively, we get for the SP V(L) - -

to the 1O F(”J(:x Q;) A [J\(Q ﬂ _(_E'l_(l~\lL(g Q‘)(i—x)) (j:Ng S\
1«1 vt T (24VIQY)
&y ° 1 \ Nfa AlG W)y (383
R @) Ay 4G e (1 Yy o), R a4, 802 (Vo)
to the KO _
F2d (o qay= P (aa(@ G (2,00 (13)

R%,0= R m(uumcg(xa%

where the cooffioionts g CJ (x, Q‘\ are given in Appendix 3. Note that

the coefficients CJ(CI o= a’ (x, [e0) are independent of j .
Here

R=RALR) = @6,/ Faulx,@
and

FK(1|Q‘) = 2 S] Fli (mI&‘) ) €E = 5‘_— E; .
43M58

The values of the coefficients Sj are defined by the quark cherges.
We can negleot the contribution of the giluon DI because it is ~(s—'x§‘
for the any quantity from equations (11) and (12). This constitutes
just the difference of the parsmetrizations of [f(x,Q*) and R(xQ")
from those obtained in papers /542 9/ The parametrizations of F*(:r.Q‘\
coincide (up to the notation) with the ones obtained in papers 74,5

Fo (2,00 = £ @S (1l @) B 1), F2 .09 3t @018, (x))~m¢°rxm6;m

3. To obtain the SI behaviour of the SF and R, we have to trans-

A
form the F! and R to new varisbles Fi and R 8o that

to the 10
o <), RO 4@
to the NIO
F0- 4 (@) (15l R®-a(8) (1455 - L30) .
Denote this transformation vy P . Then we get to th‘ N1O . v

PO P2)- PO foa T e RO (RY)- RS e ),

The values of d-\c (x,G*) and d,i (%,G*) are given in Appendix 3.
Hence we get

’ixz ‘6\( (x,QI\AVL(I.QL) )gE = ‘6E (T'Q?.»AJE(I'QI) A

Constructing the SIPT for the new quantities [, and we
obtain &

F:I’} :(l\((’x,o.l) ) ESI‘-QE(’I,Q") s

where (x and (7 are solutions of equations (4) and (5) for iz dn
and 7= SE , respectively.
Pinally, we get the SI analog of equations (13) in tho form

j ~do . V(02) -do
F3%e 0= Aoy (2@ (1) 1 (@] e
.1"(10) i (2,0)] T , PP 0- A4 @) s

K (x,00)= 4C ap (2,6 (+-X)/(12V(0R)) - @)
In Pig. 1 the graphs are drawn for the ratios L(’IQ)A\" -nd
Ag(x,8 yd Nz, ~ versus the variable X . The dependence is weak on
the quark flavours and the variable Q and thus it is not considered
(the curves are built for £-=4 ). The values of both the ratios ino-
rease with inoreasing i (they tend to infimity for x-i ) since

&(I.Q‘)/ti’l;(x‘gr-) >~ O (- » EE (1.QL)/EE(1,Q1) /;iiew(i-x)su Appendix 3),

Ol >

N(COL

3. The Behaviour of DI, SP and R for X~0 e

1. Considering the DI behaviour for X -0 to bo‘\nogso;like/ 30/
and accepting the dominant role of the gluon distribution in this
region: G(x Q‘)/a {x, Q‘) ~ 3.7 (soe/ '8/) we get the DI behaviour

in the form /4'5"25/“0»&5{@0 'ﬁf‘i{ ))u - dys)
Al @)= A.410%) A*[.L((a:\] A7)
-di . [Q)(ds- s) ] (15)
) 2! 2 i- 4__1 fs‘ )
2 (x(l) 2 [&(Q ] X (i* ZL[A(Q:\] i ! )’
5
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Fig. 1. The ratios

s As (m, Q’)//\Mg versus

i 2,L end R corres-
pond to the curves of
5 the transverse and lon-

gitudinal SP and ratio
R, respectively.

0 02 04 0g " o8 16 X

where ‘{(S) xmi mv)/xwﬁ
toth.lm

A (e @) = A Q) (1 (UG-G ), S, )~ 5, 0o (w1@-2102) 2
2.0 = Ve, @) (1 (AQ)-L@H Z7) -
All the notation is given in Appendix 3.

2, The SF is connected with the DI by equations (11), where the
Mellin integration is replaced by the ordinary pmduot. Hence, we
gct to the 1O ws

o 0= @Msgw')] x*‘* F (z @)= [aucw] 2t

F(!WS v £ (16a)
0@~ Due B ] P> POt )2 B ] e
Bn. (x,0)= S‘”, .,L(cr).
Q
F:) "s(x,Q‘) Fw (xQ‘)(iu(Q‘)Cx\x) F( (xQ‘)=Fa(rQ‘)(th‘)CKS)
(16b)

=(
R )(r,Q‘)= R’ (:r,Q‘)(wL(Q‘>EC s-C6]).

iy variable X . The indi-

In the expression for R we negloct the contribution of the nonsinglet

part giving the corrections ~(1 ~Q1 .

To obtain the SI analog of equations (16), _we transform F (.J Nb,g
and R to new variables F‘ and R having an expansion in the form
(1). Thie operation can be done in different ways (see 14 ), which
leads to different SIET., We will use one of them (see /_12'14 )z

—N ’7/ S
FreLps -(FNS\ fs"s i = @ - U@ICS ‘I:-SK)

FeaFr < ( F‘B/i"{z 68 2% (0 (-0 /L)
/|

where R R = ":i: ‘30((&1) (i*DL{gl)(CLli 'C:,c))
.. = o -7 .
- oo g Y@he G

WA}
B i K=t d.' 4
v Constructing the SIPT tor the new quantities F“ (J NS S) and

——

'a get
ws_ O..< (Q) FK QK(Q‘) R Azl Q‘)
where Q) , Qi and (1; satisfy equations (1) and (2) for 'Zik:°cl( \/A‘VS
71';_\ -Cx),fs/&:s and 7, 7= C\.s Czs » Tespectively.
Finally, we get the SI nnnlog of equation (14b) in the form
m‘ AA(Q‘\
Am

0.0 X - - U=

Pig. 2. The ratios
N A
ana Md /\ns (dashed

curves), A ()A-III\M;'

and Ay (A*i)/Am'
(solid curves), which
are denoted by the in-
dices 2,L,3 and R, ver-
sus variable A.

-3
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~d%s _ b
R, 0= Dus0200] | R, 0= Dl @ T |
SI,NS

1-4yS i-dg
(2,09 QBN R (] 2 R, @)= D BE RS (@) P06

R7(09=8% az@ KW AL A Ny

i X
In Pig. 2 we plot the ratiom ——— , 3)/(_3’ g(h/uk and )‘%n‘s
versus the variable )\ . As is se Aiil ¢ %

h . en, all ratios, with the exoeption
of /\.((NQ//\E : decrease (increase) for deorsssing (increasing) A .
The ratios A"(M)/AFS have the singularity for )\-0.8 as d_:_,- 18‘-‘1
(see (A9) in Appendix 3). All ratios slightly depend on the quark
flavours used in oalculation (the curves are built for § =4),

4. The 31 Parametrisation of the SP and R

Analysing the SP and R for X0 and 1:71 » wWe can construct
their parameirizations following papers /4,5 H

to At’?e Lo _d;’-“ y
P T2 { Dus T (2 b0V A, ] LD pustil] () o 30
T(14 Vi)

e L ado
F(;)S(T'Qz\:{‘bsum;)] ‘(I.L-S-IHSM)* As[vUQ‘)] T{14V,) 1;.(5(_0}( -

V(&)
M T(1aviay) ) .
F@”S ) ans' -.HlA Xy, Mg w5 -4y Cre)
C BB R o O AL RO ] T st S

NC RV D

(VLY 1“; "o E
P 1= 0D ] (e a0 By [ CL090) s 300

s Ma+viay)
R @) {B(::: (1-3) + B(f‘?x)/uvw) [PUSTERY
to the KIO

NS A »
50 (f'Q‘3={‘/3~5[4(a=)3 (L@ Co 3 X220 )2 A i) o
(4, ) Vi) ~y )
o 308 @ ) o

-dt -do
P00 FDART ™ () ) ) Agu] 2 Lo
4xV()
(12" )(uo((Q‘)E:(m.Q‘))
F@) NS WS 1-d :5
" (I.Q") = {»5 BL,) E((O‘)] (14».,(10‘)6:: )(x"’— 1”"“'“)4 A“ g:_w{'x,).

'P(Q‘)i-‘.xﬁws(&) T(32v.) }

Vd)ed N 2
faaviy O &40 CENCE)

~@s 1-dg
l—l. (I,Q‘) 2 {@5 B(:); [o([&z)] &(14.1(&)(‘:%)(&"5_ I/“Slal)) + ASBEL)‘V(’X)'

1-do 1 : A
F@)] g ML TOVD o M@ X @)

M(24v (&) o
) 1) X + 4 z) B (x
Rt 0= Bl (-m)(1ea(@)(C85-Ca) + B Yoo 22O 109y,

The quantities /“:vs(&\ and /“s(ol\ take account of the Regge-
trajectories with the exception of the leading trajectories that de-
fine A and 5 . To a good accuracy, vg(d) =4 and «(d)=0 (see
/4,5/), S s

Using the SI approximations of the SP for }»0 and X~»{ obtained
in the previous sections we construct the SI parametrizations in the
form:

dNs d
NS ~oL " ol K A )
Pt @ 1 D0 (s @) o K o, 0] @)
FRITRENE
y i_mv(a,(m))
~ 'dg -do .
SIS, % na : $ . V(2 ()
Fo58 e ) [ LR (a5 rsto) e FoToye @] fs@® Laaw 3, b
C(axv (a1 x))
ST NS ~ 1-d”s
. [NV
R 0 - {00 B (@] (- o sy
LA NS o -_\14'°l° u. ™M aun N Vig () el (17()
Mg LL (X)) [ML(!I.N’)J b G R o L T LA XA (i-x)
(z4v(a 00

s"s N 1““‘ - ) 7~ on@ i—do
o @ {5 B @] (2 2 O0) A B s faa 9] -
Iﬂs(aﬁ\ F(44v0) } (Lx{mm)q

M{2+via. ()

. X
R @ = £ RES (o) 050 + B9 02 (1.8 (oo v gy 0,

where

Fus (@) s () x4 5 Ms (ad) % Mg(a) %0

Generally speaking, the coefficients K,T&I and A,B are different
as the corrections o[(Q")(,(x,J*) are large and the result changes
essentially if they are written or not in the braces (see the para-
metrigation in the NLO in paper /5'16/).

In paperl/23'24/ the moments of the SF were treated in an SI way.
Thus, for the SP there was an infinite set of the coupling constants
(for each moment its own coupling constant). The SF were reconstructed
numerically by the Yndurain method . In paper /24/ tne firet nine

9



moments ( n<9 ) are involved in this procedure. In equation (12c) the
parametrizations depend on two coupling constants, in which the SI
processing of the SP moments is effectively-taken into account in

two kinematicasl regions of the variable ¢ : Y~p and ~{ . The coup-
ling constants are not independent, rather they are connected with
each other (aee (4) and (5)). .

In the considered region of Q (for 120.3) besides the logarith~
mic (~QL.Q correction, it is essential alaso the power corrections of
the form ™ 3+~ Here we take into account the corrections to the SF
due to the nucleon (target) mass (mzmu‘) and the parton transverse
moment in the nucleon. We get the so~called ’{ -scnlling /32/ H

/

J 2 : x‘ ;

g 2oc/( u(iwmzx/})v‘) (9
To an accuracy of m,/Q’- the expression (18) for the new SP
Fm (1, Qz) is given in the form
. N 2 1& l ) y J 2 J .
P @) = Fe (@)~ 2 {6 ST Rl -x3  Felx W)-4FL @) oy
Analysing equation (20) for x~D and ‘X»{ we obtain that in
our cane the contribution of the target mass is factorized as follows

‘R .m(x 0= R, (1+ L8 -sn + 227 1_(_;?
S (e Qs FE(x,G3(1aL &% 543+ LD % M‘> 1)
F o (002 FES (a0 (18K -5+ :c(vt.ms.)]x m* 3

FL m,('x Q\") FI. (x, ) (i* [% SN w ]m:x})
Hence, we have for 3 R (2, @) % F‘_ m(:t Ql)/ Fam(® &s“

R (1 Q") R('.I Q) ( i % (1.1) ‘ (210)
Ag geen the parametrizations (21) become absurd for Y4 be-
cauge the expansion parameter (19) is mx3 (1-X) in this region.
For a correct analysis of the parametrizations (21) as Y->4 , we

present the 'g-pnrmotor (19) in the form:

a kS 2 o

Flac =0 <2 ("6« - )

The values of parametrizations (21) for 7T ={| to I0 in "L/Q'- /

ars as follows !

L

/331

j ~do [(uy,) [maVE) _ i R
! = 9 —— (= NS5
Fom yoa™ Aus B0 20000 ) (j=v5,5)
i = —ic~£- - z } D _ 4le mt 2
wm lx:L‘_ L*Vlol) QL &(Q ) F ‘x 5 R” '1=L‘ _——L‘\V(&\ QLA(Q)

10

Hence, FK m(x @) and R (:a‘)are not equal to zero (but they do not
increase unlimitedly) and _tend to zero as powers of "/Q* when Qoo
The earlier obtained inﬁnities resultod from the fact that we
took the first terms of the expansion in & ;( ey and obtained the ab-
surd expressions for Xx-»{ . The above analysis of the parametriza-
tions (1%) for x->) indicates that the whole geries is not an absurd
expression, that is, the following situation takes place ( vV is non-

integer): i K
~X A L iy = WV (1 s
(v & Y= (cay (s anx\\ (Y “Cv (Q(‘rx)

The contribution due to the nonzero parton transverse moment
in the nucleon has the form /33,34/
prum _ w4 dy 2 (22)
R™ < N Fz(mQ‘)S@t‘ R @)
Analysing equltion (22) for >0 and X-4 we have
Y 'ﬁm 2] -
R 4 e (€20

This contribution is not large in the region Q)B GeV (see
Pig. 3) and it ooincidea with the valuea obtained in the plpers/ '35/

In Pig. 3 we present the aphs of different parametrizations of
R(x,Q*)=6L 4y~ Ve use the mean yalues obtained by the ED fit (23)1

}\ 0.5 and S 1.5 In Pig.Tthe theoretioal curves are built for
/\ 3= 105 llovh and in others the curves are built fm-l\—. = 210 WaV
/ £0/ All parametriszations well agree with ED of SLAC group/ 21/ and
BCDMS group 0/ o ED of EMC group place down of the parametri-
sation on tho 'ho « However the nogutive mean value of R obtained
by EMC group and the prounce of the large uncertainty of the ED
doesn't allow us to infer about the bad conformity of the QCD paramet-
rization and the experiment.The correction due to the target mass is
very small and it is not plotted in Fig.3. The correction due to
the parton transverse moment in the nucleon is not large (see also
/34 3":’/) even in the emall Q% region.

The well agreement of the QCD parametrizations with the ED for
R=‘/o‘1-i' the test for the quantum chromodynamics concerning the cons-
tant of the quarks and gluons coupling. This test together with the
before obtained tes} on the three gluon vertex » suggested in the
p-p'or /3¢/ are the rather good check of the QCD predictions.

In paper 716/ the global fit of the ED has been carried out and
all independent oonatants of the perametrization have been obtained,
They have the following form to the NIOs

i Mev <N\ € 246 Ney 027 <Yof 030 ,

11
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R(x,09-10*

|

Q% 36ev?
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Fig.38
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12

-

R(x,03)- 10
28

Q" 60 Gev*:

.
v

Fig.3. The graphs of the parametrizations E‘”('I.Q‘) ’ R(“(D:,Q‘\ andes(:?x,&’)
are shown by the dashed, dotted-dashed and solid curves, respecti-~
vely. The symbols &, A dMand O are the data of the groups

EMC [18] , EMC[19], SLAC [21] and BCDMS [20} respectively. The dotted

curve corresponds to the contribution due to the parton transverse
moment.
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< Ays ¢ 510 Lo <Ag<14s @)

Pinally, we point out some reasons omphnliiing the importance
of the SI parsmetrization of the SF:

1. The oooffioientaC.‘EAnnd (’:;('x‘Q’) (j=NSs,*) in the parametri-
zations (1%) depend on the scheme of removal of divergences, hence
each scheme, generally speaking, requires a new fit of the data. Thus,
the parameters (23) of equations (1% obtained in the fit are DS. This
is certainly inconvenient.

2. The SI parametrization takes account of the highest orders of
PT, that is one may say that the contribution of a subsequent pertur-
bation order should not change the result essentially.

3+ The SI expansion in the coupling constant is in a sense more
suoccessful than the ordinu'y ‘one (in analogy with the RGM). Por examp-
le, the coefficients C (x,Q contain terms *Vln(i-'x,) and
NK\(L.Q;) » and increase strongly for T+{ . The SI coupling oconstants
Qu (.05 contain only the term ~B“(1v1).

1 Q* Gev?

Fig. 4, The limits of applicability of the SIPT. Th

2 ° €

10 indices 2,4 and R correspond to the curves of the

Py -'a:.:;e aud lungiiudingl Sr and ratio K -"/6 s

igsgje.;;iveli. Eile daslf;ed m}\d‘?ohd curves corre-p.'(.md
erent values o = 105 MeV

09" 210 Mev /20/. “3 > /18/ end

A=

Moreover, we can easily establish the limits of applicability of
the SIPT (hence, the PT as well) using the following receipt: whether
there exists a salution of equations of type (4) and (5) or not

14

(;ee715/).Really,the left-hand side of equation (4) has a minimum et
A= FL/@D . Hence, equation (4) has a solution for

Q= N5 expl(4- a\(@a/g») BBz ]

a= I,y N, e 58, §

The ourves corresponding to the boundary of the kinematic-vari-
able ( x , Q%) region, where the PT is applicable are drawn in Pig. 4.
The PT is applicable in the (X, (") region above the ourves. Analo-
gous graphs can be constructed for the variables ( A, () and (§, &%).

4, In paper/15/ the graphs for both the parametrizations (17g)
and (17c) for the nonsinglet SF are constructed with values (23)
obtained in the data fit for the parametrization (123). The curves
correasponding to the SI parametrization are in the best agreement
with experiment, Hence, the SI parametrization is more successful.
Strictly speaking, the SI parametrization (and the target mess contri-
bution) requires its own data fit. Por the coefficients obtained from
this fit the agreement of the theory and experiment should be better.
This procedure will be realized in the future.

where

5. Conclugion

In paper 727928/ 414 SP moments to the NIO have been treated

wd +h O-k. ko'ln nt O-k. oTDM --J thonm the OB hews baar mums=dsslle —=
~- e Ve wii s e eV Baay o

constructed by the Yndurain mothod/ 30/ o In the present paper, the in-
verse operation is performed: the SP and R(:r,,Q“) are exaoctly re-
constructed in the vicinity of points 7Xx=0 and X-=-i , then to the
NIO they are processed with the help of the SIPT. The obtained equa-
tions are used for the parametrizations of the SP and R(x,(). In
this paper, mass corrections due to the target mass and the parton
transverse moment are also taken into account which is essential in
the region r>0.25 for small (* (see’1%/), In this region, also es-
sential are the heavy-quark corrections (see 5/ )e Por the correct
inclusion of the heavy quark oorrections it is essential to consi-
der the maasive SIPT (see 713/ ) that will be done in a subsequent
paper. )

. The ST parametrization-to the 10 has bsen. pl};d; 37 ¢ the
ratio R - AF (:rQ)/ FA(:r @ie th(\reuc.ling / Here

FK(S”. Q"} ._. is the SF of the nucleus A. In the future the result
obtained horc will be used to analyse the ED of F,(x,(Q%for 0.35¢ xcog/_r

recently obtained by the BCDMS ﬁroup and also for the ratio R A
2
in other EMC-effect models (see 39 and references therein).

15
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Appendix 1

Consider the first two expansion terms of the anomalous dimen-
2l

ﬁsione KNS and x“l (L)J \VG) in the coupling constant 4/Q%)s

m)n et mn A1l

Bus= 2, Vo Beoel™ 45y = = 45 e ™ -
Their values are given in papers »10/

1. For the determination of the DI behaviour for A~iwe expand
the coefficients (A1) in series of large n /9,1 /. The expe.nsions of
" the etandard fu.nctions of the anomalous dimensions are given in paper

. Hence we have
to the 10 with accuracy O(44)

VLY I A4 SR 1‘1‘1'['
Fus X?V\r yo 2ee(binxy-% 24 X\Vﬁr =" (A2a)
o _2C [CL 4 T 4
XLG.W = F XGG-QBC (e\r\V\&X"-—-J‘ %CA*Rx’
to the NIO with accuracy 0(1)
on @yh
K(Ns W":—:_ Wy ;—i 8CF(Q:(€‘1VL*X}‘\QW5 (A2b)

Y(D“ —_— V&n —_— 0 y(L)‘t . ( G/p MJV\ +ﬂG\
U WG mase VY pane " Ukl 7PN
where

Q:: Qi": CA<6% -2 5(2)) ""DTF/Q qu: %T;: - C%Tl-: = CA(3 ‘5(33‘* 83)
a) = 3('2C.:—CA3 -2303 —L)-CA(is @+ 5 43 + 3T (3@~ § LY.
i ¢

Thus, for the anomalous dimensions of the multiplicative renormnlized

operators we have (see /25/)3 “
to the 10
O Jom o yem ’
X - 5( X + ~ 6e (A3a)
to the NLO
P wn (L)'l [(SLY Ln
X"': XWW ) X X = (A}b)

A - ~\ i
VIS A o R NTNE)) o

2. To determine the Mellin coefficients of the integrations (6),
we consider following/ 6/ the integrals. (Here we use the notation:

0= ‘4_& , 4= &%1) w=1%% and p:o.ent):
16

G4loo b daioo bt
. —aben, ‘
a) Ti“é"-‘ Sdut . w”’izi__ al_nP W= enw‘
Z‘N’L v n w r(P>

Gxico pPA-a

_ 4 ) | w
b) 1,= Y™ § ‘dn t fun-w= i ——Wr(p-a\n wr(p)(WP) beln w)
Srire ny (A4)

. 6’*\» e“
_ i 'a n n-4 n = vw 1
) Ta= o § an WAL gds og.;.. (A
s p-u's P-s
' 8 Q«L w
= Nd%' R, =1
S wF(P*%‘ (rofw, ) W) |
where 8 5
=~ \db'
I (x, P) S r( F*S ) IS‘

@ bl =) (A5)

For the integrll I('x p)'e find a more simple expression. Expen-
ding P(P{S) in 8 we have :

0 1ap)= $us'a § 1wt (vaip W) 8 - . em e
= (10 £ (WD YEN e 40 Ay - O STANGE 3 7
x ox % W P -

e S—
.

Summing up . the latter series we get

T(xp)= P(r)(‘/d_ B»\x))r (%) lsee (A7)

The expression (A7) with good accuracy can be repre-ented as

Tap- gomhz T

which corresponds to elimination of ‘V (ﬂ (M»L) in the expan-
sion of the [ -function (see (A.6)). ™ "

3+ Using equations (A2)-(A7) we obtain the required Mellin coef-
ficients in the form P t

to the 10 TMM = T (w) = exp[( Y%-Npl

T.,(w)- ETC‘ exp [(%- ﬂr] w”

Tm (w) = T\(rw(“\ T'W(W\ (3 (AO)-@) [} (¥ y-talaw )*0“'..0
T?., (W)= Tc,w(W) (a+ (&(@‘5-&(@:»[0" L(n,kw , Pu_) xa X+ a" (y- U)]

( an
wr(P)
(I(wokw pro)- I(M.kw,pu) ._.),
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Appendix 2

W) ‘
The coefficients BK () ()‘-NS,\P,G\) are given in paper /37/.
They have the form:

1) € 9»1(1—
B( Nsx) Bw(x\ ZCF[(UII) x’)\g 1( -x> “l enx«l-ix-

2 «z;(z))S(i-x)]

B(L)G (x) = 2T [(x (-xD) e\«( = l) +6(-2)x | ' ‘(Ae)-
NS ) =
B )= B = 40;'.1: B )= 16T ey, é

where

i

Cdx \?(x)(g(ﬁL = Qe § () (Q(a)- (1)) -
Thoe expressions obtai‘;xed by expanding equation (A8) in the mo-
ments coincide with the ones given in papers 24,38

The coefficients ROJ g_j (& NS q,(;-\ are obiained by the rela-
tions between characteristic funotions and their moments (soe /39/ e
" Here we also use the connection between the functions in the anoms~
lous dimensions of the Wilson operators and their moments (see /40/).
The coefficients R@d (X) have the form:

R(L) (x) = (Cx-20)[ 8 gl.m(‘@’“L‘s('l\“"t‘l(i)*" Lty (3bex - 4@1(1*1» 4 503) -

R 2 140 %5335 2450 §x34325
-3 by b %‘4 enl(hl)eul* %Lsx* L—-_—‘—-—( : 3 )ch_(-xh RESLERCESEE S )-

£x? Sx3
- 2 A5y a3,
o + 1-(%’& x- (b boaamy-2bax + 3_55111_-"_“ )4 S~ foiexy +
AL+ TIx-92° 444-3038 ¢ - 285 o *~ 2467 2
-H.e»\x- ¢ u:sx‘f - 302 = ]*26,: [L‘ (x)+ e«(vx)+efx
- 3-&1; - _6~25¢ N _3-21.1 78-355x _ 4. x* 6-2%
bex -3 30 ——-—a\(ix\ fox - o 7. =
R = Ry« lsﬂum*?«x e R b -2
_ Tedxastxiieod ] L',/, b
238X 2T F
RT (x) = 204 [ h2(s- 1\*1&1@ “—" < xL (xy+ A e.’:n < 43 1’(1.1(-1) ‘E{z})
4 3x-23x™29x &(1— 21.+1m 31713 . m+24x-983x2 mxl]
E3 A ETS) 24X (1-1 T X*4-1)
up 3 | VL St P S {3x-4q?
[L\l{ ) 2'(3 ‘)L\a‘ ——i?-—z—— (I-\z( X) 4 a\’.l-ek(i«’x))i' LQ;XT:! ai(i-l)
1—511—12':0 13482 -36* & L+2o£ac—z43x‘«35 i
T Y T304 0%
g 18

where

o
gn»P( x) = QlLL)' S o b L({)ar(i 1{) ’-m(x) S"'i»if—\) hz2.

The coefficients Q’”(x) (}=NS,¥,6) are rather unwioldy. howe-
ver, they are muoch simpler than the ones (for R“ "5(30 7 cbtained in
paper

—

Agundg 3, T N
1. !ho region X~vi ./ The coefficients Z‘gx Q’) C Bw -‘.2’ ,
Ce(x @)= R._(q O+ Z() ,de Y.  and 4,  of the parametri-

zations (8), (9) for the DI amd (12), (13) for SP are determined by
the integrations (6) and (10), rupootivoly. They have the form:

Bo= 4Cu- 4T, ,‘(Sr YC-ROT 46T, 4&( ) b, Q’)J'c"(\{' (Vi)
3)= G20, &, (x, 0 =&, @) Az (a Q) 1r e /(wm)

Z (x,00)= 4 (Ci 'y (wm)*c ", Z (=, Q‘)JcF (C1 ‘wl(z:-vm\*d*)

B 2 (o, 0= 2(‘;:( Yo (14V0) 1203 (11v @)+ G Y)

ﬁm (x,09=20:( V¥x (z«v(a)) 220,y (1+vm)+ Ci*)

Y V4= E (1 B0) 5k L@, Y a4
Va0 Yo oo (am Q‘m P (ve3) a("*z\ ( %&(«:ﬂ;}ﬁs
wiore  ~ 200V, (W) ] *

BW 3 By_ 0 R -- ?-W_ 1
e 3 WP gd st a3 -G (g 2)- T
CR. &y‘ﬂ(zhghsym 5505 - (35,,) 25~ ¥S)_ 4T
Ci¥=ay- o ,Cit= a"’-ut,P

wmd () m Riexmannien -tunction-, and Yy (14v)= L el
¥ (1avy W,,,(t*ﬂ Wa (14V)4§-Y -
The ‘cosffiolents aY end Y are 1von :I.n Appendix 1,

In Pig. 5 we present the graphs of lﬂ") Vo, end Clx,@)
One can see that the ooofﬁ.oiontl \J‘(x‘qt\ are much
smaller than the values of (. (x JG) 1n the comsidered region. Hence,
the coefficimnts Y (x,@")can be neglected in the paremetrisations

(1), (18) and (17).
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Fig. 5. The graphs of

@0, G, ) , MR f(}ashg,d f pur
: (solid curves). The in-
dices L and L mark the
corrections of the
transverse and longitu-
dinal SF, The indices 1
and 2 correspond of the
differegt values g” =
= 2 GeV< gnd Q =
= 200 GeVe,

2. The region X~0 . 1In the parametrizations (15) and (16)
the coefficients 0(MS and d{ R Q;’S and ({ ‘have the form:

d:)= - H~5/€° USRS B ot Kus/flo pixm (49)
d5 =" X@/ﬁo >CKS Bxs "X(S/zﬁe Fixkﬁ/zg X+)—8/2Po o x(c)‘o

where B(ua Sor k=2

7
&KX ? Q‘)d for =} - S -

K=
’ The coaffio}:_nta s> Ras ) (:)f) (:)f )x@f,]ﬁ)s are expresse?zs/
~ through the coefficlents Ee-ug ‘and PO (s (4§ \yq (?“oe )e

" The analytical form of “guantitide x(’“s and Bm
B(s . Rm"‘ RL,Y in the right-hgnd side of equntions (A9)
is given in papera /5 10/,/317, 38/ /23 2 28/. respectively, ho-
wever, it is cumbersome. The coeffioients can be simplified for

A =0.5 and § =1.5,

The coefficienta of the parametrizations contain the characte-
ristic function (see/15/) obtained by analytical continuation from
the integer values of the argument n (as for the moments) to the re-
gion of noninteger values of A and ¢ . Following paper 15 we got

e I3 3%
ve = 1665, b, g 216G (12 -0 1R e A

20

a8% 4 @8% 243

XG\V ==4G- Xc.r, = 16Ga( 580 7'\) + %TF
Wiz, ~

Fas = 166520 [ B ()14 SE (8Pn2- 2)s)- 126 - 44,5 - 25009

364
-ouT - 1619 o o
GLUEM-R) s 3ho 22 “4nL50-She 351
X(:z % i« CFE(Z& CA\LF(L/Z)_SC‘IG*(H)S b ) 1936 4 54463
4m2) 5D+ 72—3 - -36000]f
+ Cy [ (222 -4l U6 g ., - 138583 317723
al (%2 -4 2\5(1% 2 b2 13056 | ET[3@-Shon 3050 g
B =% © 53,
. 2, liisz A z y
Yoo = By tealiso-tha 4o 458 ha « B Tuelin sy

38 985‘5
23 bz« 414060 ]S
XU—)S"Q

( 9= .
_ 182 {1(‘4:[ F(z)/ &114_2390&‘1 13?:2 ]4cﬁ[1&‘21..3i ?(7_)-

3
- it gl 21
X = 146G Sl F( )+ ( 7’— -sh2)- S2)~ 105;5 lﬁ)}zls Bz 115762‘5‘]*
LY K] I B T2 T NN ro_— S
* L2 55 1Y G550 58

NS e
= 8—1 Qv _ 8 WG
B le"L/l 3('F y B L‘i‘-’&‘ ECF ’ BL,%—_’/I 64 Tp

(\LH ® WL
Bzx:,/l:gcc[ehlz*g(z)/?_-%&z l‘l] B;x-.‘-[z.:'le, - —Cr_
(VR 4 - 187 O &
A R B BT (b &

Rivew, = ¢ -0 s(s\—r?(»;\*(i«i ~ab2) 54 4G 6« B2 - aac 1y,

AR LRI R DA R |
@w

Lo =4 (U3 5V r F( i) - B 6 + 3@ A5 « 2 ha 0 Taace [ha-

YSars _m&u 1o [122352 -u2 o
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.

and G= §(‘7> (“l’(n(%) \{‘(‘)(4/4))/7_*9.915‘%5’6
Gy = Z ) /@ 4 ) (exk- 1)) = 0614977 4

only the *soefficients BY for the functions F,_“S(af,Q‘\ and
x R (2, Q%) semewhat differ from each other, all the other para-
meters are equivalent.

The coefficientas §i- SM(Q%(Q}) (‘FA,S‘(:)_;, the parametrization
(15) are the ratios of the moments of the corresponding DI with n=),
and n=\ (for the minglet channel M=%-{ ). The values \ and D cor-
respond to the LO and )\L,‘EL lro the NIO of the Regge trajectory.
Moreover, \,:1 and 3,x0 (aee 57y, Uaing the SF parametrizations
obtained in paper 8. we get

A =061 |3, =064 ,Gs=0.48+

.5

F g. 6. '.L‘he grapha of
% daahed
es) and =Af.i"l’)
(aolid curves).
dices 1 and 2 correspond
o the 2 =l— aina
Q"= 200 GeV2 reapecti-
Z, vely. The indicea¥ and
G- are marked the cor-
rections of the nonsin-
glet and singlet DI,

- — - - —
" - respectively.

i 4e” T ¥

oo/ /o2 0.4 o8 os 0 X

" L0

" - _—- -:L—u

: _,—'—’ JE— —— 3

- - -

ot
"/
L\

&la") ML
In Pig. 6 we present the graphs of the values of S, )

'\ M] (& A;T) snd ZY (}=NS,4) « One can see that the ooorfi-
cionta 3; are much smaller than 3'A in the considered region.
Hence, the coefficients § can be neglected in the parametrize-

tions ('5). (16) and (17)0
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Kotukoa A.B. E2-88-422
Noseperue crTpykTypHux OyHKuwiA M oTHoweHns R = op/op

B rnyGoxkoHeynpyroM pacceaHun npu x ~ 0 u x ~ 1 u ux

CXEMHOMHBAPHAHTHAR NapaMeTpU3IaumnA

PaccMOTpEHO NoBeAeHWe KBaApKOBWX M FNOHHMX PacnNpefeneHuit B HYKNOHe, CTPyK
TYpHEX QYHKUMWIA TNyGOKOHEyNpYroro PacCeaHwA, a Tawwe OTHoweHuA R = oy /oy, rae
O M Op = CEYEHMA DACCEAHMA NPORONBHO= W NONEPEYHO-NONAPUIOBAHHOTO  (POTOHA

'Ha HyknoHe npu X ~ 0 m x ~ 1 @ nepsux ABYX NOPAAKAX TEOPHUH BO3MYWEHWH .

Bo 8sTopom nopraxe Teopuu BOIMYWEHUNH ] paccMaTpuBaeM  TaKke Cxem-
HO~MHBAPHAHTHOE nosepeHue CTPYKTYDHHX DyHKUMMA ] oTHoweHue R
B 3Toit obnactu x. MNo aHanorwn c paBoroin 57/ wm CTPOMM NPOCTHE NAPaMETPH3IAUNMK .
ANA HANUCAHHWX Bae BENWuWH. MCNONL3IOBAHWE CXEMHO-WHBAPWAHTHONA TEOPUM BO3MY-
WeHWi AAEeT NPOCTOW KPUTEPHUA €e NPUMMEHMMOCTM. Mu NpuBoAMM OBNACTL NepemMeyeHHbX
x, Q3 /anA xampol CTPYKTYpHOR GyHKuuM, OHa, BooGuwe rosopa, cBoa/, rpe paano-
NEeHME N0 CXEeMHO~MHBAPHAHTHOM TEOopUM BOIMYMEHWA ABNAETCA KOPPEKTHOH# onepaum~
eii. Kpome TOro, Mu RaeMm aHANUTHYECKOE NPOAONNKEHME KOIGPMUWEHTOS B DPAINOKEHWUH
BUAMCOHA Ha NONYLENME 3HAYEHMA N, YTO MONET MMETL CAMOCTOATENbHMWN MHTEpEeC.
B Npunomenun 2 npuBepeHa ag-NONPaBKa K NPOAONLHON CTPYKTYPHOW dyHKumi, Haihf
ACHHAR 1O 3HAYEHWD O ~NONPABKM K €€  MOMEHTaM.

PaBora sunonHexsa B flaGopaTtopun TeopeTuueckod ¢muamim OUAH.

IMpeapmar O6rexmIeANOro WHCTHTYTS AREPHLIX Becnenopaunit. JlyGua 1988

Kotikov A.V, E2-88-422
The Behavlour of the Structure Functions and Ratio

R = op/op in Deep Inelastic Scattering for x ~ 0

and x ~ 1 and Their Scheme-Invarlant Parametrization

We consider the behaviour of the quark and gluon distributions on a nulce-
on, the structute functions of deep inelastic scattering and the ratio R =
= op/or, where of, and ot are the cross sections for the longitudinal and
transverse polarized photon scattering on the nucleon, for x ~ 0 and x ~ 1 to
the flrst two orders of perturbation theory. In the two orders of perturba-
tion theory we consider also the scheme-invariant b7h7viour of the structure
function and ratio R in this region of x. Following/3/ we construct the pa-
rametrization for the above-written functions. In the framework of the sche-
me-invarliant approach there exists a simple criterion of applicability of the
perturbation theory. We show the region of variables x and Q2 {(generally
speaking, the region i¢ different for the different functions), where the
expansion of the scheme-invariant perturbation theory is a correct operation.
Moreover, we also give the analytical continuation of the Wilson coefficients
to the half-integer n, which may be of independent interest. In Appendix 2 we
give ag-correction to the longitudinal structure function obtained with the

help of ag-correction to its moments.

The investigation has been performed at the taboratory of Theoretical
Physics, JINR.
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