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1 • Introduction 

In recent 7ears 0 in connection with the progress in Qusntua Chro
mo~namica (QCD) it is necessary to compuoe the theory and experillen-
tal data (KD) for different processes. One of the moat intenaive17 
investigated processes is the deep inelastic photon scattering (DIS) 
on a hadron. Theoreticall7 0 it is convenient to conaider not the DIS 
structure funotinna (SP) but the~mo .. nta whose coefficient tunc
tiona (CP) can be calculated i• the"~erturbation theory (PT) and 
improved with the help of the reDO:rmalization group method (BGM)/11. 
However it is convenient to compare with experimental data (KD) the 
SP theuelvea. The7 cannot be reproduced anal7ticall7 from their •o-
menta • therefore different parametrizationa due • for example • to 
li'e7D11&D and Field 121. Buras~~ and others-/~/ are -use4-. Pollo
•1ng /2/, t~~~ •nd Vnd•J.rdn (they t:!d-:!nl•ted: ~.h• lud.ing ~ri~ !W) 
/4/ and the next-to-leading order (IW l5/ of PT) b&ve·8Jiown -1ibat one 
can find the parametrisation par ... tera U, anal7aing the SP behaviour 

'/ 

v 

for :t"'O and X"'.l 16-81. ~ para~~etrisationa are aillple and 
exactl7 aatiaf7 ce~~~~ -~or 'l:vO and X"'i the7 also sa- ,; 
t1at7 exactl7 the ~elution equat~oni' of QCD and_ for the intel"Mdiate 
values ot :t. the iniClJuracr 111 leas than 1• (see /S/ ). However. the 
'Procedure ~f finding the SP behaviour in tbl W (eapeciall7 in the 
~et ch~'el) is extremel7 lab~~~onauaing and difficult tor 

underatiiuiing (aee/9 •101 ). The origin oi&Di-coetticienta in tbe para-
•trizatio~ia not c~ear becauae uae is made not of the~iai;),pe- / 
ratora of SU(I) grou~ut of their values for •·3· Moreover. the ob
tained coeffWenta-~ acheae-dependent (SD) (that is. the coeffi-
cients depend on the w~ of re.oving divergences). 

Much attention has been paid to the problem of acheme-clependence 
in quantum field theory (see. for example. 111 - 141). In paper /12-14/ 
the so-called acheu-invariant perturbation theoey (S:JPT) waa sugges-
ted and developed. in which the aeries in the coupling conatants was · / 
introduced each of which co;;;;PQnda to a certain pbfaical process 
(or quant1t7). 

h'W:I:;Sii-. :;;>- '- ''·~~' :--i 
, It fA "'•",~ ' f t,e.;.' ~t' •''~ ,, ll.Jt.li~,_,, $. ___ ,.,,_.,,.,Ji"U . 

61-JSJlt-JOTEk'p I ·--- .--. ~-..,...,.,.. 
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In short, the essence of the SIP! is the following& a certain 
physical quantity R 

-:;: cl..( 1-'< 'lLJ.. ~ .•. ) (1) 

can be expanded in the new SI coupling constant 
- . Rsr ~ b.(G."). .. . (2) 

The expansion parameters J..(Q')and Q(Q.,_) in a two-loop app
rox~tion satisfy the equations& 

~(Q1) + ~>rf. ~ cJ. {Q'") : ~" ~ ( Q~) , 1£1o. .. ) + ~~ ~a{Q'"):: r· ~ (~:~) (3),(4) 

and the __ !l~~l~s. 1\o., and 1\ are connected as follows 

~0 t( 1\lYA) ~ 'Zi.. (5) 

Hereafter ~0 and ~1. are the first two coefficients of the 

.L{9:)~~pansion of ~ -function& ~(cJ.)::.-~ ~ •• ,J~.]*-"2.. 
In the present pape~ couider the behaviour of the quark and 

gluon distributions (DI)r~_ i~the first two orders of PT. The SP and 
ratio R.:: G'.;?d;-( .. ·G'~ and -<S'T -~- the. cross sections for the longitu-
dinal and transverse polarized photon sea. ttering~ucleon) in 
bo~ers are obtained with the help of t~ntegration \/ 
of(Wilson)coefficients and the DI. This approach is more clear. Tbe 
SP J;ar&m.;-trizations are constructed following papers /4,51. lforeover, 
we consider the SI behaviour of tbl SP and ratio ,R for ~"'0 and ~"'.1. 

and construct their SI par&~Mtrizations. Tbe merits of these paramet

rization& are described in detail in sectian 4. Here we note that the 
SI parUietriaations of the no~t SP (see/15/) agree with ED o't 
group/17/ better' than the ~thodox)parU~etrizations/5, 161. 

We draw tbe grephs of tha"par~etrisations of the ratio R:d'~. 
The curves well agree with the .)SILof 4~f!..~A~- groupa/18-221. T 

~-~ix 1, using the(llellin tran_sfo~ti.~n1,e reconstruct the 
(__Q ..... volution ~ the Sl' in the ~n !t"'i,(see /61). 

·--- in J.ppendix 2, we get the .,( s -correction to the longitudinal Sl' 
using the J..s, -correctiona to their moments obtained in papers/23,24/. 

In Appendix 3 analytical values of the parametrization coef'tici
ents in the vicinity of ~=ll and :k-=i , respectively, ara given. 

2. The behaviour of the DI, SJ' and R 'tor :X:-+i 
-~ 

fiutre are different possibilities of' the connecti~ (in the JILO) 

of the DIS Sl' and t® parton (quark and gluon) DI 1251. We choose the 
parton DI so that ~ anom&ioua ciill'l8nsio~ of Wilson operators ancl 
~ -function are responsibre-ror their evolution;-cU:lcitile connection 

between the SJ' and parton DI is determined by the Wilson coeffici
ents /25,26/. 
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1, Knowing that for a certain value of Q-a. the DI for :t~i (see, 
for example/18•201) behave as follows& ~ ) 

v"~·> v~:l v ro: A(x.Q!)-= A0 (i-~) ; ~(x,Q~) "'~0 (.1-X.) · 1 G(x,Q:)-=- Go(i-X.) 
and using the Q ... -evolution of the DI moments / 25/, we can determine 
the DI behaviour at different Q._ 1 

~>(x.Q.'L)-= ~x,Q!-)®1,;>,( ((,Q .. ) 

~z'ex,Q>-)~ '2(:x:,Q~)®'t~l:r,u~) .-.G(x,Q~)®T~~t(x,Q~ ~ Icx,Q~)® 'f.!~ (:r,Q'") 

G<tr,Q"")-= G(:r,Q~)® rt~Cx,Q .. ) ~ :!Cx,Q!)® r<~"'(x,Q .. )~ !(x,Q~)® ~~ (:x:,O. .. ), 
where t 

F1l:r.)®F,_l~)-= ~ Fi.(~)F._(~~) ~ .. :X. • (L) 

file values of the coefficients r:~ and TJ~~~.. (J,m.:: 'i',G) are given in 
Appendix 1. We can neglect the contribution of the gluon DI because 
'JJ:. ~o"-v:!::. 7 (see /18,20,27/ }. 

.I / --~e, we get 

\1 (~o -the ID) -do - -yNS(J.) AI;; !.l " -l. (1-'L J(J.) '· 
~:i.Q1)-= AAIJ:~(Q~)] (1 X.) :-. (1 .. ':l ()(,Q .. )(s.-:x.)) ,t cx,Q )= AJc~.j r~a.~t-~ (1-l:] rc I.-\ ~Ait.(J.', c 8 > 
~ C -J. .,s(o~.) .. i '\i"( " . ) G 6:,Q2-)_;:, F ~ A!.[J..(Q.")] 0 (i-:X:.) (i-t .J :t,QLJ. (1.-l:.) 

(to the ~~- fC'2. .. v'(a.)) ( l..(;::x.) ~ i ~ 'f'(2-t )lf>(a.))) 

fl:ISC:r,Q2.): d_ll (:t,flj ( 1:t [J.{Q~ ?t~,Q.}J.tQ:)'l( :r, Q!) 1) I Q l 
~ .. h:,Q>.) =2.~t:r,Q")( 1 .. c.uQ.')i¥'(x,Q')-J..(Q~)T{x,a;)j) ,c:-h:, Q') .. &"',cx,Q')(i .. [J.I~ ~ "'r~, iiJ-
wh!l" i. 2o.Cr "'_ _ iiCA -9Cf- 4'T'.,CA/CF . -40l)l'(x,Q~)I). 
V"{J.)=Vo- To" ~J..(Qt.), ~-~ 12(C,.-C.,) (10) 

rc:~:.)and "V(~)ara the~z:J r -function and 'il-funotion, reapec
u~ _act. r. __ is the Buler constant. The quark DI coincides in~ 

~. ~thin the notatro.:a> with the ones obtained in papers /4,51. Hera · 
£AI=~··; where 5::.(')1,~ z) (see /5, 1~/ and Appendix 3). The values 

'Y J • ) 

\' 

of the coefficients z(x,Q ... ) and ~ (x,Q") (~-::~,G- ara given in 
Appendix .). 

We nota 'that in the W ad BID the different coupling cona'tan'ta 
d..to( Q1.) and J.Mi-CCtY~~-~-ed-:--Tbe;r satiaf7 the equations a 

~LolQ.")-= @o~(O./A~o) , i/J.m(<1") + ~~d.Ms,(Cl)'"' ~ol(~~,;E)· 
. In the preaen~ paper, we· use different values of f\ ~ (and the 

oorreaponding A LO ) 1 (1) (;z) 

f\ (l)H$-:: .1.05 Mev ( 1\Lo~ 90 Mev) .1\W:,-= 2.io MeV (I\ Lo-=- 1.&0 MeV) 
obtained, reapeotinl.7, b7 'the groups BE 1181 an~~O/. 

Hereafter N'l.-i. 

CA-= N ) CF-: ""2N 
for the SU(I) gauge group ancl 

~TF"'"~/2. 
S quarks flavours. 
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2. The SP are expressed througn the Kellin integration of the 
known Wilson coefficients and the DI: 
to theW 1251: 

().).VS ( F\1.)<; (i) F~i>A/5 rJ._U.VS (U 
F:~. (:r,Q~) = Lf1

(-x,Q"), 2. (:t 10')-= 2 [x~Q·), 1. (:t,Q1l=J..(Q•) DL(:t.)®b: (:t,O. ... ) 

F~1)<;c:r,Q')-= J..(~~ ~F(;~;~~)® :2:<1l(:r,Q•)-te,~G(x)®C::'h,Q'-)] (11a) 
to the JrW I • :'5' • 11 : 
_(:t)NS 1 l!J.VS \ r{>)S ,.{>l !»II' ~ §" 
l-2. <x,Q'-)= ~'(:x,Q')®(t+~to.•)()4 cx)1,r. (:r,Q')=2. (:r,Q'~(t•.t!G."")B .. (.x.))~JJo.')t.cr.cfl8l ~) 

(11b 
Ft:>->.VS Bl\lWS{ nl>W:O :\ (1) ) 

1. l:X:,Q') = J{Qi) L X-)(1-t.l(Q.'-) 1'\1. ('l:.)/@ fi ():,0.1 

F~)\:x:,Q'-) = J.CQ')f B~~ ex) ( 1.-1 J.lQ ... ) R~')"l.x.) )~ 2~{1,Q•) -t B~"C.x.) ( t~J.tU.•) R-~'"(:x)~G\l.tx,Q .. ). 
Here B~wi(l:.)=- &~'~'(:x..) • Hereafter _the index . K runs over 2 and 

L. The values of the coefficients B~.t(t.)an4 R~1~(:x..) (j.,NS,\11,~) are 
given in Appendix 2. 

'fhe SP .l:. F3 (:r 1 
o.~) is expressed tbrougn b (:x 1 Q>-) and the valence 

quark DI. Hence ita dependence on :t and Q,'· is the S81118 as for 
F;~(:r,Q~ • Therefore we will not distinguish between the functions 
F;'S(:x,O.'") and :x:.F3 (-x,Q1

) (the difference in their paramet:risa
tion coefficients will be given in Appendix 3). 

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

respeotivel.y, we get for the SP v[o~.) 
' -do ( 1.-::t.) 

to the W F~1)d(:x Q"") =A i [J..IQ .. )] _ ( i" ~ .. (:r,Q~)(hx .. )) (j-:A/5,5.) 
' 

0 ~!. I (1.•\1[<~..."\) ' 
"• 1-do I' -y\; ... -(0 , _ .. , r _, 1 •,..,, 

~,.,4 (J:Q')=A··4C lJ-lQ')] ~(t•~b.U')(i-x.)) K <:xQ').,~~d.ll:nl"" .... 1 '''' 
L I d F f(2.-'<V[.J..)) ) ' ( 1,.o,\1loi-\) 

to the :11.0 

F!1J C:r,Q')~ F~1j·(hWl") C~ b:,Q'-)) (13) 
-p) -(1.) ,.., :'\ 
R C:r~Q•-)-:: R c:x,Q'") (t-t.tiQ'")C~(:x:,Q.')J. 

where the coeffioients ~ ( i (:t Q'-) are given in Appendix 3. JJote 
N" K, K I • 

the coefficients C~('l.,Q")'=C"-(:t,G.'") are independent of j • 
Here 

R -=-R/(t1:R) ~ Fl..(:r,Q'-)/F2.(:x:IQ'-) 

that 

and 
~ ,_ f"" ......, 

FK(:r,G. .. )= ~ blFK(x,O.~) 1 CR:=-Cl..-( •.. 
,pWS,S. 

The values of the coefficients ~j are defined by the quark cherges. 
We can neglect the contribution of the gluon DI because it is ~(1-:K:)L 
for the ~ quantity froa equations (11) and (12). 'fhis constitutes 
~ust the difference of the paraaaetrisaUona of Fh-:r Q'-) and [(:d~') 
from tho .. obtained in papen 15,291. The parUetrb~Uona of F.;(x,Q•) 
coincide (up to the notation) with tbe onas obtainecl in papers }4,51. 
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). To obtain the SI behaviour of the SP and i, we have to trans-
' - ~· ~ 

form the F~ and R to new variables F; and R so that 
to the W A A 

F~~ ::: J(Q'-), R<i)., J..lQ'") • 

to the NW .._ 

f~i~ J.(Q'-)( H~k·J{Q'-))) R(>.l ~J.{Q'-) (1-t~jt ·J(Q")). \ 

Denote this transformation by 'P • ~hen we ~~--~~e ~ 

F: J =-'P-1
( F~d), F;0i(i-SK·J.t0.')J'I((x,rt~, R(>.) =9-(R{l.>) = R(~L-~il: ·JIQ'-)·di(x,Q.'-]. 

The values of J'd:r,Q'-) and cL~(:X: 1 Q'-) are given in Appendix J. 
Hence we get 

sl(""' -c"cx,Q'")/J'""c~.O>-) 1 g2 =- -CR:(:r~O'\/k'~c:x:,Q'-) .A~ 
Constructing the SIPT for the new quantities FK 

A 

and R we 

obtain A • "s F:1
'
1 -::QI((:t,(l'-) I R l~Q~(:r,Q'-)' -where Q..l<. ~d Q ~are solutions of equations (4) and (5) for 't.t,~" ~"-

and 'Zi,f: DR: , respectively. 
7inally, we get the SI analog of equations (13) in the form 

F 
SI d -clo ( )vLilz.) sr . 1-do ( vx.r(({L)>i 

•2 • (l:,Q"")= A;[a:l(:r,Q'-)] r 1.-:r: ~ , FL ,J('l",Q~"Aj·44[ad:r,Q.').l --c--
(Hv(a,.,_\1 I .2--tYlQL-)) 

- CT 

K--(:x:,Q:a.)= ~CFQj2.(~.Q>-) (1-X..)/(1-~o)I(.Uji..)). ... /. t1'i) 
In Pig. 1 the graphe are drawn for the ratioa/\t..(-x,Q )/ f\ m and 

1\fi.(:r,Q ... )//\W;,. versus the variable :): • The dependence is weak on 
the quark flavours and the variable Q4 

and thus it is not considered 
(the curves are built for ~=4 ). 'fhe values of both the ratios inc
rease with increasing ~ (they tend to infiaity for :r.._.1 ) since 

Cdt,(l)/,l"(~Qz.) r-v ~ (t-X..) , CR (:r Q~) /J:- ("' Qz.) r-...> k(1-:r.)see Appendix 3). 
J:-+1. ' V I g_ -'-, 'X""l. 

.3. 'fhe Behaviour of DI, SP and R for l:."'() 

1. Considering the DI behaviour for :t ~o to be 1 Regge-.like/3°1 
and accepting the dominant role of the gluon diatriblrtion/ in this 
region a G b:,Q~)/~ (::r,Q~) ~ '3..1 (seel1 •81) we get the DI behaviour 

I I X ... o) ' }. NS w~ 
"in the form 4,5~~~s(he~ectSl:ei-- Q.,sG-eV: .(d..). -d.>.~.) 

L1b:,Q~)=.6.o[J..IO~)] >-~\->-(1-~6-~.[:rl~;)] ·i>-->.t)) • 

-d~ (at -cit) (15> 

~Ct)( Q .. ).., L ld.(Q•)] 1.-!i ( 2: [ct..IQ'-) ] • rE-S1) ) 
L ~. o :t 1.-t 1. J..lQ:) ):. , 

5 



(0 -tlt (eLi rL+) 
G (:r,bf)= 1lS)L0 [d.fQ,~)] x_i-~(t~C [~) J a- Ss. ...,('O-'b1) ), 

.t ~('Q!) ~ 

A.(:c,Q') 

ro t---------------------------
Pig. 1. !he ratios 
1\t< (X, Q"¥1\;;:r and 

2 

t 0 
0,2 M 0.6 0.8 

( 
v(P)~ v(DJ~) /y6'>1l 

wbere • 1' (~) ::: 4 + - d If 'I' / a "'' 

A~ (In~ Q'f AMi versus 

variable X. • !he indi-
~ 2,L and R corres.;.

pond to the curves or 
the transversa and lon
gitudinal SP and ratio 
R, respectively. 

1.t ~ 

to tile .ILO 

&c~,Q .. )= Lfc:r,Q~.)( 1.., (cL(Q'-)-JJQ!)) -z:s) ,~'£:r,Q>-) ... ~~'):,(l)(t. .. lc~.lQ'-)-JJQ!)) l~) 
Gt&>cr.Q~: GY)f:r,Q~{!-t(J..lQ")-J.CQ!)) Z~) · 
All tile notation 1a giYan 1D Appan41x ). 

2. !'he SP 1a ooueotecl with tbe :DI b7 equatiou (11 ), where tile 

•111a illtegraUon ia replMecl ~ tile orcl11l817 procluot. Benoe, •• 
cat to tbe LO l's J.T 
FWAIS - ).. i-~ F.~S. "]- i i-0 

,. (:r,Q~-)=21.vs~{Cl)] 'l: , 2 {:r,~)=~s[.{(Q) ~ + 

FlQ~S C\ ~WS. 1-i~ r(US >-\ II\ n{U't fr & {-ti 1:-b 
I. (l:,Cl)= lJNs OL,)>. ~(QZ.)J :ti-~) rL (:l:.,Q J"'.UsDL,~ ""(Q)j ~ 
~:r.~):: ~".., J..{Q'-). 
wbera ' 

IS)-+ Ql'l' b(Q~ 
BL.~ -::; BL.~ .. "f('O) DL,'ii 

to tile .ILO 

F~AIS r(J)NS NS) r{2)$ r4)S ~c + \ 
I( C:t. Q:a.) = roc cx,Qz.)( t~J.Ul)C~e,~ , r-~ c:r,Q .. )~ r w. cr,Cl")( L-tJ.CO"', tc.,ce > 

-(a) -(il 
R (x,Q .. )-= R (:t,Q")(t-+cLCQ .. )[C~,-C~G]). 

6 

(Uia) 

(16b) 

In the expression for R we neglect the contribution of the nonsinglet 
part giving the corrections -v':r~->-~ x\ . 

!o obtain the SI anal,?.S of eq'!ftions (16),._!!_!~f'ttrm.Jj Lj,.w~--
and R. t_o new variables F: and R having an expansion in the form 
(1). Tbis operation can be done in different w~s (see 1141), which 
leads to different SIPT. We will use one of them (see 112• 14/)z " ·vJX~~:. . F ws. ~ f."'s = ( F ws \ >-,K "' c ws 1.->- = J(Q>-){ i-J(Q•)C.;'~ /]-ws. \ 
~ I( I( ) J..JWS.'"YlK. ~ I /ct.>-,"'-) ,- ... 

v -i,J... 
r::-"' Fs. =(Fs) i;:'" <'7\ r!'o ,i.!b_J.(Q'")(.i-J.(Q'-)C+ <lt "\, l-IC -" K IC .U~-:!KX - IC,'o/ ( ~,K) 

where R _, R =- /&t:~ =.J.(Q .. )(i-~:ol(Q'")(C~c:l.-C~cJ} 
5k: omJ i ~>-,1( ~~ N<:.,~ • · · { i IC:: 2. ~! 3 -,j (. ) 

k. Dl,). K~L ft,..-ti v • 
:L Constructing the SIPT for the new quantities F~ (j=-NS,S) and 
R we get " v 

F~s-== a~((l~), F~ = a~(a~), R =Q~(Q~) • 
where Q~, Q~ and Qr; saUsf)r equations (1) and (2) for !1\:-C~~.,. -1-ws, 

.... I .ya.AJ< 
'7 \ "' -CI(-~:6 /7 t and 'li 2: -= C ~ 'i - C 2\ , respectively. ' 
""1.1u '/Co\...~,K t , , 

Pinally, we get the SI analog of equation (16b) in the form 
ill f A~(Q.L) 

i.o.o 

iO .. 

-2 
.10 

-i 
10 

/\Hi 

0.2 

-----
l 
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Pig. 2. the ratioe 
ws / 

AK (x'v_ i\Hf. 

and Al(>-'1/Ai<r:. (dashed. 
curves), A~ (>.t-f/A;;:r 
and A;t(,\-ti)/A,c; 
(solid curves), which 
are denoted by the in
dices 2,L,J and R, ver
sus variable ~. 



elliS :-tJ.. ~ 
F,sr;J(le,Q .. )~ ~AI5[a~{Q;·)]- ,. x.L-1., F,_sr,s(~,Q .. )-= 'lls[~((l)] ~~xt.-'ii + 

-d._NS 1.~ 

F'i>I,Ns fl\ ~'> >- 1. ,. t.-l- csr,s z <i\ alU+r,.~ \\ H'(16c) 
._ (x,Q>-): ;uAI;.!::)l.1"1. ~._(Q'")] ~ , re. (:r,Q ):: .us. lh~ fo\-do:')J :l:. 

-Rst (j.)+ 

(x,Q"~-), B~..,t QR{Q:t.) 1\~s(>-) f\
3
(>,\/ l\:(»+1.)_ 1\~(>.+1.\./ 

In .fig. 2 we plot the ratios ~ , '71\H?.• -_-,:;.;;sand. /f\;;;s. 
venua the variable >. • As is seen, ail ratios, with the exception 
of A:(.I-•1.)/'AMS , d.ecnue (incnue) for d.ecnaaing (incnuing) A • 
The ratios 1\t.l>-•t.)i~ han the singularit)' for >._,o.a as tl.:.1 -d.~.Fi 
(see (A9) in Appendix .)). All ratios slightly depend. on the quark 
tlavoun used. in calculation (the curves are built for 5-4). 

~. !he SI larautrisation of the Si' and R 

Analysing the s:r and R for l! .. O and l:J. , we can construct 
their parametrisations following papers /4,5 1 

to the LO -d~s .t 
~~~~f:t lf', r l) rJ.(Q')] (:t.H _ :l:J4Ns(J.))+A ~{(!1)J 0 

r(i"'-Vo) ~NslJ.)1 (t-:t.)(J..) 
2. I I l. AIS~ + NS r(i+ ).l(ol.)) J 

pns(:r Q ... )-=J~ !;tlQ .... )]-d'(x. 1-i_~}lslJ.))-+ A IJ.[Q~)]-d.o flHVo) l:.-4!>(.l)1(i-l:.'v(J.) 
:~. , "l !> s~ rttWIJ..\) J ·> 

1 du.s (17a.) 
t-(i>N!) { r.1 BlQII~ - - )t. · ) 1-~a 
rL (!t,Q~)· IJIIS L,"lo. ~{Q~)) Cxl·>-_:t~jJS(.I..) -+ ANs~(~'{.t.tQ•)j~) :~us(J.)J(t-~~J.I+i 

rr? .. ,J, ,,, 
"t - . ~-, 

r£U!. S ~)+ i-4t; (1.)\t' i-l.o ·) ? "(.l.)t-i r l (xiQ'}= l.l>s Dt,& ~{(1~ ( xt.-r_ :t~!;(.l)}+ As elL {:r.) [oltQ")] rcr(HYo "\ ~s(J..)j(i-:t) 
'1.-+VLJ.'IJ 

Rcx~U ... )~ { B~\+ (t-x.) + &~~xv6 .... ·Yld-)) ~.tlQ:t)(i-:t) 
to the ILO 

JAIS. 
~NS f -41,_ -flo 
r 2. (~IQ•) = t1lNs[~l0. .. )] ( t~J.(Q>.) c~.~ )(:tl.-}.- x}IN,(.L)) + ANsf.t£0,•)] '.I!~ 
f(i.-'<)lo) l -,/(.1.) "" ~ 

'ni ... 'll(.l.)) J (t-l:) (t..to.J.C(l)C2.>t(x,o:-), CVa> 
-~ -~ 

F~s{:r,Qz.),. f~sP.lQ"t)] ( t. ... ~(Q .. )C~s )(xi-&'_:tJ1!J.L>)+ A~tQ~] :r.Jir.l.L;:(i4"Y•H. 
i.-\V(.I.)~ 

\){.J..) ,., 

(1..-~) ( t" J.lQ~Ci (x,Q•)) 
II$ 

F@)N' ~)NS i-J~ 
a.. (x~CJ>.):{:l>s g'-l [l(~)] (t+~Q.t)C~~)(xl·>-_:t!'Nsl"'l)+AN!J~'+'(x.)· 

- i-1.. f( .... ) 1 )l(.l)•i .. \ 
·[.LlO'")] -x.,.Nsto~..) ~ J (i-l:) . ( i.toJ./0.1)C: (~.a.·-) J 

f£2.-'<"''l(tl.)) 

8 

.-Q,>S ( i-~s r._ (x,Q>.) ~ [ 2)s B~; [J(Q2)] (i~J.(Q .. )CL~'i>)(x 1-~ -l:.-4siJ.l) -t A~B~0 '+'(:X.)· 

(J.IQ'")]t..Jo x..M!>(J.\ r(i."vo\ l (t.-x)vlot.l+i (i+J..(Q'"'C't'(x Q .. )~ 
r(2.+V (J.)) J J L. I J)"' 

~ f aQ.)+ ( + + ) B(il '+' i +.I. (QZ.) C "R (x.) t 
1\ cx~Qz.).~ l.. I.h

1
& (t-:x:.)(i+J.(Q .. ) C~..,'b -C::z.~~ -t- ._ (:x.) 

1 
.. v£~' 5dJ0")(1-x.). 

The quanti ties j-{Ns(J..) and f!s (J..) take account of the Regge
trajectories with the exception of the leading trajectories that de
tine A and o • To a good accuracy, _fAJ;(J.) ., i and f'i<J..)=O (see 
/4,51). 

Using the SI approximations of the Si' for l:.-.1) and X_.i obtained 
in the previous sections we construct the SI parametrization& in the 

forma J."J> 
SI IllS. "' - ~ ~ "' -·L F, I (~,Q'")'" ~ :DN~[a~(Q')] { :tl..-~ :t,4N~(A;a. )) -t AN5[at.(r,Q'-)1x.)4N;.l~~) n{-\~) ~ 

v<" c >) r(t•1}(a..z.(:x:.))) (!-x) 
·(i-X) • :x. 

+ 

FSI S ~"' r . -d~ ?' -do 'a . \I(Q,[>j\ 
2 '(:r,Q•)ol:D~[a~(Q.>-)J (l:1:b_:r}ls(Qh)+lfsfo.4(x,Ql)l X.}'sll\2) f(t""-'Vo) l(i:-:X..) ~ 

rc 1.-.. v lll;t(x))~ 
[" 'i.l,NS "' (.UIJl; 1-ol~~ 
rL (:r,Q .. ):: f2:lNs. BL,>. [a.t(Q'-)] (xi-~_ x,MNsta~))+ 

, 71 nti.)N~ .- .. __ ,.,-t-Jo u .. ,,..,._, r-r •. ,, \ , \I{Qd')..)'l~i (17c) 
'1\N~ Ul (l:.)LLIL(:l 1 b!~Jj :t' '"'"~'-' ' c~· •u, J (1:-:.C.) 

n2. ... 'o/lQ._L-x))) 

F'i.I S ,.., u 1-cl~ ( I) ) ~ (t.)'f' i-J., 
~. ' (x~Q'""),. { 2l.s B~; lal(Q'-)] ( :t1-i- x.-4s u~.) +As J.»L (x) [aJ:x~Q'")] . 

f4sl Cl~'l f( i-\ )10 ) l ( )y(QLl-x:)) + 1 
~ J 1-:r. 

r(2+V (QL(:t.))) 

-R Sl f ID+ i ().)I\' \ / L ( '\ 
(x 1Q'") = t E)~.,.,. (1--x.) Q"R(Q.l.) +B._ (x) Og (:x:,Q .. V(t~ )l(qii(x))) ~ i-l:J, 

where 

,.MAl~(~~) ~fA~.>(-*)~ i j fs (a.~) ~fslJ.) «0 • 

Generally speaking, _the cce1'ficienta A,B and. A,B are different 
as the correction. o((Q>-) C.d:t,Q>-) are large and. the result changes 
essentially if they are written or not in the braces (see the para
metrization in the HLO in paper /5,16/). 

In papen/23• 24/ the moments of the Si' were treated in an SI way. 
Thus, for the Si' then waa an infinite set of the coupling conetants 
(for each moment ita own coupling constant). The Si' were reconstructed 
nu.erically by the llldurain method 1.311. In paper 124/ the first nine 
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momenta ( rt~9) are involved in this procedure. In equation (17c) the 
parametrization& depend on two coupling constants, in which the SI 
processing of the SP momenta ia effectively-taken into account in 
two kinematical regions of the variable X 1 x_.,.o and l:""i • 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 l:?-O.J) besides the logarith
mic ("'d..s.) correction. it is essential also the :power corrections of 
the form 111;/Q~. Here we take into account the corrections to the SP 

due to the nucleon (target) mess ( IM.:.ltl"') and the parton transverse 
moment in the nucleon. We get the so-called '-acalling /32/a 

· x ... ~.. · 1 1 _, 1 • 

F.J (x Q ... )- / l F~( Q ... ' ~ ~. x \ ~ F:l( 1 n~)< 1 B> 
K,llt . I - (H4X1 11t:/Q'-) IC r, ' Q2. (1 ... 4-t"-m./bt) f (1'Y' I( 1 ,l:i • 

where 
r-: 2-x/( ik(i-+ 4m2xYt1-) Vz.). (tg) 

To an accuracy of ~~t/Q4 the expression (18) for the new SP 

Fhl (l:,Q:L) is given in thai. form. . . 

F/~(~.Q~) ~ F~(x,Qz.)~ ~~ ... [6x~ ~ F~(~,Q'")-x:x~~(x,Q~)-4 Fic~,Q .. )l J~~~). 
Analysing equation (20) for x ... o and :X->i we obtain that in 

our caae the contribution of the target maaa is factorized as follows 

/5/: F:,!(x,Q'")::. KN\:r,Q,_){i+[~ -s-t}.. k -:x:i~~)] 1~~) 
. X. )}(d.) :X.:a.M'"',. 

Fz~h\(x,Q>-)::. F:(x,Q"-)(1-~[~ -S-t-'S~ ~] ~.:) ,_ .. (21a) 

FAIS (:t o:L); FI<IS.( . n>.\ ( 1"" [ ~ -5"-t~ + x(v£J..)·d.)] :X:. ~ ) 
L ,rn. ) 1.. l:,~:~. I i -X ... Q 

rs ("" n>.) = Fs.("" "'-' {i~ c% -S-t'b-1 t;X_(\)(ol)H) ]~'t ') . 
IL,nt. ..._,..., L "'-tl>l 1 :1-'X- /33/ 

Hence, we have for -R ( Q .. ) _ F,S ( (]-) /. s ( •• ) 
"' ~. - L, ... :t, v F2,~>' 'X, 

R~~~.C:t,G .. )~Rc~.Q .. )(i-~c Q..i:-:r.)) · <21
b> 

As seen the parametrisationa (21) become absurd for J:~i be
cause the expansion panaeter (19) ia lt{:X:1~(i-:t.) in this region. 
Por a correct analysis of the parametrisations (21) as l:...,i , we 
present the 1-parameter (19) in the forma 

11:t=l ~i-m/(iz.-~ct(I\1./Q._y-t-... r· 

The valuea of parametrization• (21) for 1:., 1 \ to ID in rn..YQz.. 
are aa f'ollowa 

' -olo r(1-\~) ( 101~\'Y{J..) 
F~ .... l:t=i ':;. ANs [JtG.~)J nHvl;,) &""' J 

{J"~AIS/;) 

FJ I - if.L_.IIt:.J..(Q'-)~~ I R - 4CF- 1\i:..,({Q'-) 
L,M X-=1..- i.-'1:\il.l.) Q 2 •"" 'X=!.. ') 10\.I.X=.!..- i.'<V[.l.) Q 

10 

Hence, F :,m.(x,Q>-) and RJ:t,Q')are not equal to za~ (but they do not 
increase unlillli tedly) and ~nd .. to zero aa :powers of "':YQ~ when 0.,.~""' • 

!he earlier obtained infinities resulted from the fact that we 
'L'l:l 

took the first terma of the expansion in ~ ... (1..-:X:) and obtained the ab-
surd expressions for ~ ... i • The above analysis of' the parametriza
tion& (U) for X-'>i indicates that the whole series ia. not an absurd 
expression, that ia,the following situation takes place ( ~ ia non
integer)a 

V ~ ~ 
JICx_l \ V M.1:X.~ )" ' I( (hi.'"X.l ) (1-~~ - .. - } ~ ( i.-:t) ( i.~ -- =. (i.-'x..)" L- c., --.. - . 
Q 0.'{!..-X..) ll: 0 Q ( 1-:X.) 
~he contribution due to the nonzero parton transverse moment 

in the nucleon has the form /33,34/ 
!.. 

-Rp<t<WI ~ tK.z. 4l:~ r •l:x.' F (-:x.' Q~'. C2a> 
Q'"" Fa. (:r: Q ... ) ~ c;x.•t z. ' 

1 

Analysing equation ~2£) for ~~o and x-. i we han .., .. ~ 
R p't<'nt ~ 4ttt'- f:r_1)~3 (1-:t.) 

... Qi"l.! vu-· .1. 

~. contribution ia not large in the region Q ~ 3 GeY2 (see 
l'ig. 3) and it coincides with the valuea obtained in the papers/34,35~ 

In Pig. 3 we present the~phs of different parametrization& of 

R(:t,Q .. )=6'La""• We use the{-~talue~~~ined b7 th~ .. ED f~t (13)1 
,\::0.5 and ~=1.5. In P1g.3lfthe theoretical cunea are built for 
/{~\ = 105 'IMV/181 and in othere the curTa& are built -rn,.fl~ ~ ?10 v.,v 
' 201• All parametrizationa well agree with ED of SLAC group/211 and 
l!CDIIS group 12()(. ED of :awl group 1181 place down of the parametri
satio~ on tha who~. However the negative mean value of R obtained 
by EMC groupl·tet and the presence-oi 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 
ve17 aull and it ia not plotted in Pig.). !he correction due to 
the ~ton traaaverae mom.nt in the nucleon ia not large (see also 
/34.35/) even in tha 8lllall Q2.. region. 

~ well agre ... nt of the QCD parametrisationa with the BD for 
R= 6'?({Tia tha t .. t f'or tbe quantWD chrolllodynamics concerning the cons
tant of' tha quarlta and gluona coupling. !his teat together with the 
before obtained tea~ on the tl:Lree gluon vertex 1281 • auggeated in the 
paPer /36/ are the :rat)ler good check of the QCD predictions. 

In paper 1161 the global tit ot the BD has been carried out and 
all independent constants of' the parametrization have been obtained. 
'lhey han the following form to the :ILO 1 

4i Hev !: 1\ r11 ' 2.-li Nev V.21 ~Vo! 0,-fO , 

II 

/ 

\1 



R(x,Q')·102 

:n . I a· .... v· I R 6::,Q'Z.) ·10
2 

~g 

~ 111 1 1 
(t= 60 GeV2 

a 3tm,l r l 21 
2~mJ,~ r r r 

s' Ill l ·~'I' l I zof \ r 1 
J -· ..... :--~ l'). j I ... ... -:... - i6 ·~ i 

•• ':""""1:. ... •······ 
.. ········· ....... _ 

R( r•') 1 0.2 M 0.6 :X: -:t,u. ·1G 

2.81 ' ~ 12. 

24 : • l I~, i 

2ot'.~ i ~ .~-~, 1 ! 

b H 11 
<t-2sGev• ol I - I I 

8 t t 1 I ·"-·, 1 - o.o o.2 o.4 o.e 1 :c 

Hlil I ~~~.... 1 
O,C I 0. I ~lo I ~6 o :X: 

I C 'I 1 n .. r·r· ·· ·· 
~~~· 1 I .-. : l Fig.J. The gra;hs of the parametrizations ~u(-x,Q~) , Jthx,Q:') andtc\,lt) 
~ 1 Fig 38 . are shown by the dashed, dotted-dashed and solid curves, respecti-

J ~ vely. The symbols •,A ,.4and 0 are the data of the groups 
1 1 1 t J EMC [18], EMC [19], SLAC [21] and BCDMS (2<3, respectively. The dotted 
.~ ~ .. • • · curve corresponds to the contribution due to the parton transverse 

moment. 
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0.4~ ~ ~ ~ 0S2 

lt.i.O ~ 1\ws ~ S'.iO 

L3 ~ b ~ 1.'1-

Ut ~ As ~ H3 . 
(2l) 

Pinally, we point out some reasons emphasizing the importance 
of the SI parametrization .of the ~P: 

1. The coefficientsC:,}.and ~('X,Q ... ) u" IJ'.>,"'") in the parametri
zation& (11U depend on the scheme of removal of divergences, hence 
each scheme, generally speaking, requires a new fit of the data. Thus, 
the parameters (13) of equations (1~ obtained in the fit are DS. Th1s 
is certainly inconvenient. 

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

J. The SI expansion in tbe coupling constant is in a sense more 
suocessful than the ordinary ·one (in analogy with the RGM). Por examp-
le, the coefficients C..c.('X Q,') contain tel'IU "'~(i-'X.-) and 

~ I 

"'~(t-:X..) , and increase strongly for :r-.J. • The SI coupling constants 
QIC.(~,Q>-) contain only the term N""(i-::X:.). 

,J Q' Gev' 

iO 

jjJ 

i 

Pig. 4. The limits of applicabiltty of the SIFT. The 
indices 2. , ~ and R correspond to the CU}'Ves. of the 
~......,.;;;;&;iii: ..... u. lu.ug..i. iouciinal S§ ane1 rat1o I( • ., I GT , 
respectively. The dashed andcsolid curves correspond 
to,. different values of A :A ;Ji .. 105 MeV /18/ and 
!\~ .. 210 MeV /20/. 

_________ ...... --
1~ "<'~j. • 

M L 0.2 ~ 4 ......ar,-- 0~ _ _;/'/ 1.0 ~ 

"' / 
/ ., 

--- .,.,.,"*"" 

Moreover, we can easily establish tbe limite of applicability of 
the SIPT (hence, the P'f as well) using the following receipt: whether 
there exists a aalution of equations of type (4) and (5) or not 
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(~ee/15/).Really 1 the left-hand side of equation (4) has a minimum at 
~~ ~~~0 • Hence, equation (4) has a solution for 

Ql.~ (\~ exp [(i-l (~t/~~)) r1./~" ... l . 
where 

0.= b:,'t' i).., NS i~, 'r ! ' 
The curves corresponding to the boundary of the kinematic-vari

able ( l:. 1 QL) region, where the PT is applicable are drawn in Pig. 4. 

The PT is applicable in the ( :t., Q ... ) region above the curves. Analo
gous graphs can be constructed for the variables ( .>., G."'> and ( I), Q._ ). 

4. In paper/15/ the grepb.e for both the parametrization& (118) 
and (1'Jc:) for the nonsinglet SJ' are constructed with values (a)) 

obtained in the data fit for the parametrization (1la). The curves 
corresponding to the SI parametrization are in the beat agreement 
with experiment. Hence, the SI parametrization is more successful. 
Strictly speaking, the SI parametrization (and the target mass contri
bution) requires ita 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. 

5. Conclusion 

In paper 127•281 the s~ momenta to the BLO have been treated 
..,ol +'k +"'• 'ke1,... ,...p +""'• CPT'Ditl ... ,.J +\....,._ +h.,. "1i1 ""•-- '""a•- -··-•-4 ..,....,1 ,_ ---·- ·-- ---r -- ·-- ----• --- ·--- ·-- -· --·- ---~ ----••w--~ ••-
COI18tructed b,v the Yndurain method/JOt. In the present paper, the in-
verse operation is performed a the SF and R (:t,, Q. .. ) are exactly re
constructed in the vicinity of points ~-=0 and -x:~.i , then to the 
NLO they are processed with the help of the SIPT. The obtained equa
tions are used for the parametrizationa of the S.P and Rcx,(f). 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 .:[)0.25 for Blll&ll a~ (aee/15/). In this region, also es
sential are the heavy-quark corrections (see /51). Por the correct 
inclusion of the heavy quark corrections it is essential to consi
der the massive SIPT (see 113/) that will be done in a subsequent 
paper. 
. The SJ' parametrization-to the LO baa~~lied/37/ to the 
ratio RA' -= A F~' (:r Q:&.) .{. ~ rx a.uin thlli---~acaling mod8l{Ja/. Here V 

te,A I VA 1(,\ I .} ~', •. / 

F:(x,Q") • ~ is the SJ' of the nucleus A. In th8 future the result 

obtained here will be used to analyse the ED of f::,(x,Q~for 0.1S~ :l* O.'l5"' 
recently obtained by the BCDMS ~up and also for the ratio R~ A 

in other EMC-effect models (see 39/ and references therein). ' 
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Appendix 1 

Consider the first two expansion terms of the anomalous dimen-
"- i\. ------

sions ~ NS and ~ ·~ U:,J :.IV,G-) in the coupling constant J.(Q.•-) 1 

'~'~~. - 2.. vl"'-)tlr i]"'•i. v.':- 2 ~111;)1\.r ~.1111.•.1 (A1) 
DtJ:,-I'Il_O 0 IJ':. L,,.(Q2) ) O~J- nt:o ~i.4 lJ.(Q)J • 

Their value; are given in papera/5,1°/. 
1. Por the determination of the DI behaviour for X~iwe expand 

the coefficients (A1) in series of large n. /9, 101. The expan~iona of 
the standard functions of the anomalous-dimensions are given in paper 
1151. -He-nce- we have 
to the Ul with accuracy 0( i/n..) 

yWJIL v\111\ 1 0 3 i '\ Wit :!,3 ~ 
DNs.:.6"\''l' II._._ 2:CF(LI'In."\"x-~_.~..._) l 1'+'G.- "_.""- 1'\..r= (A2a) 

t"l" tcF (.O)I\. 1 · a i~ T~:.r i ' =- - y :: 2: CA ( M I'H,It- - 4 .7_JlCC ~ -·)' 
~ljl n~- 11.. l 0 (,C,. 0 12 A 2.11-

to the NLO with accuracy 0(1) 

t l..)'l ~)~~ '+' '¥\ 
N'> ~'~.., ... Y '+''\" n .. ., l?Cr=(O.t. (~tt--~-~) .. uz. J (A2b) 

(1.)1'1. • A)vt. v(1)1\. , ( Gr ( n \ ' ~\ Y = v~ --n, -ru .. f\. r~l1 .. v+n • 
U 'I'Cr 11..,..., U W'\1 1\. ... ""'-) U (;,JO- - -,_. \. --.o.' -· - U I "L I . 

where 
a~"' a.t = c~( 6~ -.2 '?(z))- MT.,.jg ; Q~ = t'T'F + c~~- c~(3 '?(~)+ ~ ') 

Q~ ~ i(2CF-CA) ( ?(2.)-2 ?(3)- i-)- CA( 13 }""{l.)+ ~~)-+ ! T,: (?(2.)"'" t) · 
Thus, for the anomalous dimensions of the multiplicative renormalized 
operators we have (see 125/): - · 
to the LO 

ycP>'tt:: ..,<•111. y(o)t\.-: yt•llt. 

0 - 0 IV'+' ' 0.,. 0 &-G ' (AJa) 
to the NLO 

\'fl>l\ .,. y(l)h. yU->lt : yC!..J 11. v<.L)n -=-
o__ D"'"' 1 0+-t IlliG l ~ -+ 0 (AJb) 

'y~ll\ :: y())~t- Vlil"' - .t(CII-CF-) tt.(in tt+ ~) y(1)~ . 
() ~- 0 r.Cr 0 IV'¥ C.F- ~ 4 H 
2. To determine the Mellin coefficients of the integrations (6), 

we consider following/6/ the integrals. (Here we use the notationa 

G.-= 4CF , b ~)' w=- Y:x. and p-=a.~t )a po d.. (Q." 
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iS'-+Loo a rt~\.oo np-i 

T. 1 s t.-Q.Iillll,. 1\-i. ! ~ cAI'l 1\-1. ~ w 
a) : - cttL • W = - - W = -1 

Z'il'L ,.. • 2'1ri -c:oo tt.P W r(p) v-(,• 

tf. . n 1'-1-4. p-i. 
l'"f' i t•oo -a.f.t~t. 0 ~<-L o( ( 1M. W ) \ e:. IV ( D 0 

b) 12.= Z'll"i.) i~t. t.. 'hl.rt•W = Cilll. wr(~-a.) -=wrz-) '+'(p)-~~w) 
~~ a~ r 
~ . ~ S 11'-t~:.., k-1 (A4) 

i -a. h. 1\-1.. 11. p , i o·h.>o s ~ W 
c) 1\ ~ ----:- l ~II. i W /1.( Yn.,) =-Ito d~ ,~· _dtt. (ILL --.p.-t'} = .2'iT~ ) - ..,,L .f_,.. /no) ~• 

-1-v"" a:o 

b I e:-1.-'r'OI ,-i 
= s~~l h.~ w \ = l(tto~w, p) ;( - ' 

W f(~-t'b') S::o W f) 

Where s 1 r 
I (ox ~ =- ~IllS' X~ .-!.lrl I ,p rc r-t~ 1 ) 'b-:o 

(A5) and t. ( ~.} ;: ~ . 
Por the integral l('X,p)we find a more simple expression. Expan-

ding r ( ptb') in &' - have '-----.:.:_ -

(:_)lc~,p)-= Sots' :r.<&' ~ .1-'+'(r)~\ ( '+'1lp)+ ~i)(p~)C~'):L- .•• ~I = 
2. s~o (A6) 

: ( i+ ·!(P) +('¥1(p)~I.VlU(l>)J/-'\.1,. ~ ... \ /0 ~-
~ ~ :JC. - •. . •· .• . . '/ v.,_._-

--· 
_ l(p) -., rf! \~~.,-~ .J 1 ~~. 

~x. ~ L\JtJ • tr-e~,{l\tx.)( • 
5:0 

Summing up.the latter aeries we get 

IC'l:,p)-=- rcr) C 0c L- l ~)) r-\1>-'b) l . (A7> 
•1S ' &=o 

The expression (A7) with good accuracy can be represented as 

I(~,p)~ '¥(~)-~X u:---,, \ 
which corre•ponu to el:Laination of If! (~) (m.~!) in the expan
sion of the r -funcU:oii--(i··- (i~-6n~- -

J. UsiDg equations (A2)-(A7) we obtain the required Mellin coef-
ficient• in the fora p-t 

to the LO T(~} .,.,(J) [ l ) 1 £h. w ( enw\ 
. NdW) ;::: 1 't''t'(w) -=e;p ( ~-~ p wr(p) :1- ~) 

T:;(w)= ;;cf- .o.xp ((34d)r1 ~r""c ~(1 (~t0 ~w,y~L) -1(M.~w1 p4l.) ~,: ), 
to the .w w J>iil 

~(w) S ~~(w):: r!~(W) (i~(~{QL)-J.(Q!))[at (o/(p)-\~-t,e.,\V )+ai1) 
~) (AS) r:'¥ (W) = rG-~(w)( i~(J.(Q1)-J.(Q;})[o.i 1-s..(Mo~IAI, P"'L) ~a: -\Qi ti' -~)1. 
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Appendix 2 , 

The coefficients B~~~ (-x.) (j.,_ /JS ,'i' 1G-) are given in paper /371. 
They have the form: 

B(i)NS ll(..t)'!' ( ~(1-:X.)\ 3 I i \ i-'<:Ll..D 
2. ex)~ o2 Cx.> == 2cSC1-~-::e·) iT J+ - 1 \. i-r. J+- i-j(.. ht:JC.~3-b:.-

-( f -\2 '?(~)J~(i-):.) J 
B~)' (:x.)"' 2T., [('l:2.-l:(i-:X.2.)) l( 1-:) -t 6(i-l:):x:.] (AS) 

ir 
0 (i)NS n(i)\11 Q(i)Gr :_; l 
D'- Ct)-= OL (:t.)::.i{Ci=X 1 0'- (~)= i6'f~" :t(i-X), 

where i. i 

~ oh: ~(:x.) (~(~) )-~o =: S ot:x: ~ (~) ( 'fb:.)- 'f (1.)) • 
Th~ expressions obtai;ed by expanding equation (AS) in the mo

menta coincide with the ones g~ven in papers /a4,3B/. 
The coefficients R<;:J (');..) ( J <>AIS,t,G-) are obt_ail1ad by the rela

tions between characteristic functions and their-momenta (see /39/). 
···Here-we ·also us• the connection between the functions in the anoma

lous dimensions of the Wilson operators and their momenta (see /40/ ). 
(>.)' 

The coefficients R L. d ( x..) have the forma 
!'2.)AIS ( 0 fl :\ RL (:x.) -== ( c~ -lc~=-)[ 2 <;.~,,_ (-:t)-~ 4l.;.l.(-:r.\ .. ~ L;lc:x.)..-4 k2.(-~) ~1'\\·:X. -41M(i .. :x.)r't ?r~)-

02. D !-:X. D>. D 2.B; 4{l.•i01z-Sx~•3l.~)L 4(!l-"5":r::z.-Sl:l~3l:.') 
-tr..l:r..-1 -4r..£i•.:t.)IM:X."~-r"':x.~ 

3 
;~..(-:x.)+ • 

•:x. 5"'X S:x.l 

tJ o 1jJ-:>.'l:.) h . ( n o n 2-~sx'-•3-xc) 0 • IM(i~:X.)~'l: -+ 5":x. 1M: X- ft.o(i-l:)-t l'.(t .. ::t)-,l!;, X-+ S":xl ~ ?(2)- ¥ li.(i-:k.) --t 

o 6-+H'l:-t 7h:~-h3 i44-3Q?h:-l&h ... -<.Hh.3 ] [', n>- Ot 
~4"-X· iS~'- - ~O:x..t. -tlCF 4._(l:.) .. fl.(!rl:)H .. -x.. 

-~ ~l: _3 ~(2.'- '-~s-::t:e,_(i-:0-?.~:r.f.c.:r _ 18-~SS:c _ i.T .. [t ~ _ h~~)·l 
3 C' ·J 3X 3 36x ~ :1-~ 6:~:. =J 

R(l.l<y rf.lliJS l [l n-.. 2-tX-4X2 D i-l:x.~:vr tr 
L (l:)= 1\L (:X..) -t! 'j'F •z.(:X.\-+t..l:- ?{2)~ !2::t t-1\X- 3:r>- fit(:!:-J:) 

:r-4$;r_-t5'1:t"-ibx.3 J t,, (h'/_ - l . 
- -- fr~ .... 

36~"- :;., . "f. .. 
(llC, ' 

RL (:x.) =~c ... [ e.. .. (i-:x.\ ~ 1txf .~:~ .. 1L:l(-x) .. ~\Kz:c .,~.t(f;~)(L.-2.(-:x.)- -cr2)) 
i-~-x.-l?:x..>--t2~x3 o " lH.lo4:x..-3H:r.l n i0+24x.-~~~l:2-~-H:x.1 ] 

+ k-\ (~, ~ 1M X -t , -
3:X..

1
(i-l:.) 2't ':X..(t-X.) 1! 'X-2 (1-:t) 

- H,:: [L' (:x.) -t t~) e.l.:x. .. l-ti0~1-i2'X.S" ( l.,z.(-:X.)1 e,'l> e,.li .. :rY + i~ ... ~(i- \ 
1-JC. 'l. 1s is :x_l J) ~-x. x, 

t-S'l:.~-i'l.'X.~- B .. R2'.l..-~6x2. n 
-t • >;" {2.) -+ ~ ')( ... 

ioxl < 3o~ 

i-~-~o6x-.:(43:r." .. 36r l 
30X.. ' } 

r .., 
l' 
v_. 
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h ltte..i i 
w ere r (-i'j ... . ( oH 11-i. 0 P 

-=>~t.,Cx.) = Qt-t)! P~ ~. ~ ~ (-£)~{1-:r.t) ; L;.£:x.) = S1t-1~b::? ~ll~2· 
The coefficients ~~(x.) ( }~NSt'f,G) are r~~her ~wiel~,' howe

ver, the7 are IIUCh simpler than the one a (for I?'L AIS (x.) } obtained in 
paper /391. 

,• .. 
Appendi!. 3. --.·~, 

1 •. the region X"'i / The coefficient• l;_(x,Q2) ' [ -= BW + Z 
"'. -~. "' • "" • 1 2. 2 2 ' 
Ct(:r,Q ... )-= ~t.('l,Q ... )-+Z~.(~Q:t) ,J.._ l ~~ and .d. of the parametri-

zation. (8), {9) for the DI and (12), (13) for SP are determined by 

the integration. (6) and (10), reapective]J. They hava the forma 

Po= ~c ... - iTF, ~.1. ":0 ~ C~-¥c ... 'i;: -4(1, ,F ; J..: ~ n-x) )'l:r,Q:t)-:: 4~N'x.Ci4\l(cj.))+ 
~~) = d:.C:r,Q:t) ,lLc:r,0.2):d1.(-r,Qt)-'~i ,J'f (:r,Q ... )-= i+ 4~/ci~'lltc:l)) 
"'• 4 l llf ,.,.,. 4~ !'t' i't') Z2·{~,Cf)-= ~(C1..,·~x(i"<'II(J..i)+C2 ),ZL(~,(l) .... ~o(Ct. ·lf~(2"V(.i.l)"'C2. 

B"'(j.) ( :t l\'t' :\ 814') 
:a. cr,Q:t)., 2CF \f',_ (i~V(J.)) -t2.Ci. · 'Vx (1.~ V(J..)r~· C2. 

""(2) lt't' lt't) R .. (-x:,Q:t)..,2.~('+'~(2.~V£d.))~le1 ·'l'x.(l.-~'Y(c:l))~cz.. 

~AI~(~,Q ... )= ~'+'c-x:,Q:t)-= 4~ ~(t.(~Q.a.))• v~:~ ::'J;a,C:r,Ql) ,~L(~,Q~~';~(~a ... ?.)-z 
~C.(): cr): ~ t ( .L(Q~Q")\ [ "'! -1 (V•Z)- ( ~~ ('11-tz.)-t-G/x,(~~~) -

1 
f>o{"l)ta.) I} 'Vx(V-+1) .2. ~-tl.)•\V'lC.(~\) 

where -iCvu.Yo/x.(v-~:2.)]' 

cr ... i ,c:~-:: 'l'{l.>(i-'<)1)-?('2.)-t ;c~'+., 2. ?h.) -t -1F(?(2)- ~i.)- ~ 
c:<t ... o/Q(2 ... Y)t6l(3)-S'?(2)-a- ~~(3~(l)-2l{1.)- 2.~~)-.~ ~ 
a-t= a't- ~~0 C:'t'= ai +~ ~~.' 

and ~(IlL.) are ~ Riu.annian <. -twa.cUon., and l.j/~(t.·nl): 1.. L ~ ~ .. c ,_ ' ... ~. i-X. 0 
~'t'(i..;'\1) , 'Vx.lt."<'J)~ '¥:a:.C1~")~~-~ · 
~ ooeftioieDt• a'+' and Q:" are ~hell in Appell4ix 1. 

i. ~ {): IY 

Ill :Pig. 5 we Prtl .. llt tbe gra)IU of ~e" ~Q .. ) '!II(,.. and C1c.l:r,Q2) 

One can •ee tha'C the,.,. coefficient• . 'JK(x,Q:t-'1 are atoh 
... ue:r tball tba Taluea of c"' (x,Q&.) in the oon.iclerecl regiOilo BellO&. 
the coettioiallt• ':l~t {x,Q.1

) oan u lleglectecl in the panat:risaUOilll 

(1f), (1j) uacl (17). 
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-i 
10 

D.O 0.2 

~ .1. 
~ 

0.1 ,, 
L 

"'0.6, -o.~- - ......... ' ' 
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l 

.l. 

Pig. 5. The graphs of 
~Irs~ cQL)-(dashed cur
ves and CK(')(), Q.l.) 
(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 
different values 1:1" = 
= 2 GeV2 ~d ~L = 
= 200 GeV • 

1.0 :r. 

2. The region :X:"'O • In the parametrization& (15) and (16) 

th~- coe~~~cienta . d-:5 and ~t • c ~s and c~ 'have the forma 

d~,,- x~·~-h~o )c~~), ~ B~~>. + t):A:~o- htZ~;i~; (A9) 

..! -\ y<olO / -1- - -+ .J.!.)"i. /,. ytvi'O £ 0.)~ ~ ('-)~ ~)b) 
l.l.5 =- o-+ /2~o, C~e;,'i) ~ Bl(,'i) ; 6+y2~.- ~1o+;z~;- ~-~--/C2~o-\-t-+ -6- • 
where . ~ 11(tl~ c - ~ u 2 ,'>- .,o... k-=~ 

Bl(,>--=- l.i - . --R:..~ .-A: ~01- ~ k-L (i)~ ('1.)~ (,>Jli j.o)S 
The coeffic~!~ts o~:-.;~:;..,_:1) ·1 ¥ .. ;~-+-i¥ ... ;G- ~e expressed 

through the coeffi~ta ~Q\'..)i. and t~'" (ft\=-i,1..'\ (i,.j.-= '¥,Gr) (aee/25/ ). 
•. . The analytical torm. of"'~uanti tila vt:"-~~> and t;}'!' , Bl~"'; and 
~"')' (2)AI~ oCH 0 •A "::O ,~ B K t , R and "-L,~ in the right-hand aide of equations (A9) 

is 'given i~'~apera /5, 10/,/37 •38/ and / 23• 24 •281, respectively, ho-
wever, it is cumbersome. The coefficients can be simplified for 
~-0.5 and~ •1.5 9 

The coefficients of the parametrization• contain the characte
ristic function (see/15/) obtained by analytical continuation from 
the in•eger values of the argument ~- (aa for the momenta) to the re
gion of noninteger values of ~ and b • Pollowing paper 115/ we get 

~>>.-.lh. (1- D ) 1f.OJli"}1z. t.O? D \ v(o>'b.,~l._ 46 
6 N<;. -:::.i.6~~Ji't-~2. 1 6 'I'll' =-i6(1:( 1'2.0 -4>.2.1>6-tG =--8TF· iOS 
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~JfoJ~z_ 46 ¥<;;>5:>-1 . ( 2.B D ) & 
y --~jCF · - -:::. i6 C,. .--0 - m2 -+ ;-'Tt= 0 G- '¥ - 1 s ) c. c. 50 ~ 

v~ll-.1;~ ~ .. 
~ N; = i64q(C,.,-2c.,.)[F(7~)-ii. '(!.);. c 8 ~ 2- ii),£z.)- 32-G _ ~t,., 2 _..25'009l 

( ( 3 ~ !I64J 

-C,.[( ~ ~'- -¥) ~(z) ~3~2.~ 1;~: 1- t'i}[ 7 (2.)- f~2.-~ 1~ 

v(i) '5 -;}~z_ l ' ~ r~.Jo£ Q 

D :ib(" (24:-C,..)[F(it)-~Citt;-t(i2l-'l~2.\~{z.)+ 1~1E.e..2- ·_~:1.-"'a-~J 
"'ll( 2. 15 3() -) ( 22S 3600il t 

~ CA [( ~: -4 ~2.'r?(2)* ;i~ ~ 2.- :~~ ]-1-'fF[ ?(z.)-~ t2. + ~~~10~ 1~ 
v(l.) ~" 1"- yt0\8o)~ ~- o 1iiS2 n ?.161 ] ['' · . 
D 4'<;. -= 4 0 'I' G. t C,. [ i ?(z.) -~ W\

1
1. -4 ~""' 2.4i'5' ~ 2. + ~BJ •l.CF ~ z.1. ... ?'(2);2_-

- ~ €.t2."" qg3<j 1~ 
2l 4l..lt00 J 

v 0·)S~
1

"-_ 1. v(lJ'il•'tz ( .2..C. [ ?(z.Y, _ t•1 -+ "1.9 ~ 2 _1.82.1& J ~c,.,[2.f..'l"'l ?!2.)-
o COli- - "'' D C. -t l F L & ~o ST15 

14~ o 311£.11 ] i r o 3 11 
-4G-+ ~ fM2.- WIOSO - 3 'T~ l m l..- us \ 

y~)~o}lz. "" 1 ( 2.1t D \ 1024 ~6331. ~ -+ 1(oS'OI)'!O<j]+ n ~"' .., i6 c.~~ 1 cA[ F ( 1z.)-+ 7 -a v..z.r z (:2.)- 105 c.- ITiiTs 2 tb;t62s-
....... II .t'"Jf·"' - .-,I I II'\ /I ~ "\ 

rr. L ~t:,2+ ~ 1 + ~ "£..!.!') + F '3 1Sl2 4125"0 (A. ) 

Bll)NS _ g , Q.~)\j! _ g (l.)(r _ '4 
L,>.o "rz. - J'LF) IJ t..;t~J~- S'CF ) &L,'l-.Jtz.- 2S 'T'F 

B(l\NS D 1 2sn 25'] ll(i) 12~)t.Ji. i6 
2.>.~11z.-:o8C,:[~~-+?I2.V:l_- ato.2+i7, >ol,X~itz"'Lh,>.·'rz.- 3CF 

Q(.l.)'f o t 1~1 o n J u<J.)G- 368 (f.- "' \ 02,1i~\~""8(F[v..%.." ?I'<-~- To ~2.-+ Ito 1 U2,'oo'1z.., iOS 1'F z- n} 

RI).)AIE, \ - i~ . 
L,X~\: 41 (!l.CvCA)[14 '?(~)- F(~z.)+ ( u-4 e.,t) ?l:z.) + ~ ~.., ¥ b -~::;J ... ~c.=[ I., .tit 

+?12\.-J. -~e._H i~!] -iTF-[~-e...zJ) 

R:~ .. ~1~ :~ £ (t4:-C,)[~ ?(~)+ F( 1tz.) - 3~: G .. ~(l.)A;- ... 1f b ... 1.~~~ ]+~~[~ .. l .. 

+ ~ (z.)A -lli tt + itn i l - ~ T . [ ~ - u <~, ~ 2.17 
( 2 (0 3600 l F iHOO ~5 j ~ 

0
(l.)G._ -= 4( r~l11"" ~~(:z."-4Ct-ti lt +~ ] ... lc [ !(-.::( )-8G-\. ~ ~2.32i.lt] 1\t..,l> .J,, AL• 2. ( ·J 1S 88tOO F !I ( 2 . J' 1.5 2025' 

where 

~(~z.l"' ~ ?C~)-2.~2·?1z.)+ 'Si'.% -lG~ 
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and G ~ ~1( i-;2.)-:::: ( 't(l.)(~;.,)- 't'(J.)( t/4 )J/2. -::: o.~ts-%s-6 
~ tC .. t/,; 

G-2.-= )::__ (:!.) /(~-\){l .. IC-t,S-) :o,61~t91? • 
t,oc~~ t!.) F AJS ) Only the coefficients BJ<. for the functions 2. (:x,Qz and 

X. F3 (~,Q .. ) aemewhat differ from each other, all the other para-
meters are equivalent. 

The coefficients ~t~ 5>-!.(~(Q.;-) (~=A,~,~;-)i.n the parametrization 
(15) are the ratios of the momenta of the corresponding fri with h~X1 
and n.~). (for the singlet channel >. :'b-1. ). The values '>- and o cor
respond to the LO and ~ 1., bl. are the BLO of the Regge tra~ectol'J. 

lloreover, ~ 1 ::.1.. and b!.~o (aee /51). Using the SP parametrization& 
obtained in paper 1181 we get 

w 

.1.0 

t.l:::: 0. 6 i ' ~!.;:: 0. 6 't l 'i::: 0. 4 & • 

~· 1~ .II 

~------------------~------ l) 

~ 1'2 

-------------___________ .3..--l: 
c. 

," 
/ ,. 

i 'o.o/ I OJ. 0.4 0,6 QS i.C 

I
~.~, - ------ ~ _6 ---- ----~ , _ ....... -----
r ,..- _.. .... -

/ .,.,. - .-
-L f,,. 

iO It 
I 

~g. 6. The graphs of 
.:f.· (:J "'A l: ->-1 (dashed 
iJrtes) and~.A (}"'K./;'1') 
(solid curves). The in
dices 1 and 2 correspond 
~v thg QL - 2 ~cV2 uu~ 
Qz.= 200 Gev2, resP.ecti
vely. The indices~ and 
G- are marked the cor
rections of the nonsin
glet and singlet DI, 
respectively. 

.1: 

di·i-i 
i\ _I t-~{ •)l ~'-• 

· In Pig. 6 we preaept the graphe of the values of ~~ J5A J..I~'-)J • 

x.~-).ll (£.-..A,~) and "lt lJ~NS,4') • ~ne can aee that the Ooefti':.. 
cienta ·t are much s-11er than -z: in the considered region. 
Hence, the coefficients ~.i can be neglectei in the paraaetriza
tiona (t5), (16) and (17). 
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KOTHk08 A.B. 
OoaeAeHHe CTPYKTYPHYX ~YHK~MH H OTHOWeHHR R = OL/oT 
B rny5okOHeynpyrOM pacceRHHH npH X - 0 H X - 1 H HX 
CXeMHOHHBapHaHTHaR napaMeTpH3a~HR 

E2-88-422 

PacCMOTpeHO noBeAeHHe kBapKOBWX H rnOOHHWX pacnpeAeneHMH B HYKnOHe, CTPYK 
TYPHWX ~yHK~HH rny6oKOHeynpyrorO pacceRHMR, a Tak*e OTHOWeHHR R = OL/oT, rAe 
OL H OT - Ce~eHHR pacceRHHR OPOAOnbHO- H nonepe~HO-nOnRPH30BaHHOrO ~TOHa 

Ha HyKnoHe OPH X- 0 H X - 1 B nepBWX· ABYX nQPRAkaX TeOpHH B03M~eHHH. 
Bo BTOPQM OOPRAKe TeopHH B03M~eHHH MW paCCMaTpHBaeM TaK*e CXeM
HO-HMBapHaHTHOe noBeAeHHe CTPYKTYPHWX ~YHKijHM H OTHOWeHHe R 
B 3ToH o6naCTH X. Oo aHanorHH C pa6oTOH/5/ MW CTPOHM npocTwe napaMeTpH3aijHH 
AnR HanHCaHHWX BWWe aenH~HH, HCOQnb30BaHHe CXeMHO-MHBapHaHTHoH TeOPHH B03My
-eHHH AaeT npOCToH KPHTepHM ee npHMeHHMOCTH. Hw OPHBOAHM o6naCTb nepeMe-eHHWX 
X, Q3 /AnR ka*AOH CTPYKTYPHOA ~HkijMH, OHa, aooe.e roaopR, CBOR/, rAe paano
.eHMe no CXeMHO-HHBapHaHTHOH TeOPHM 803M~eHHH RBnReTCB KOppeKTHoH onepaijM
eA. KPQMe Toro, MW AaeM aHanHTH~ecKDe npoAQnweHHe K03~ijHeHToa a paano•eHHH 
BM~COHa Ha nonyqenwe 3Ha~eHHR n, ~TO MOW6T HMeTb CaMOCTORTeObHWH HHTepec. 
B OpMna.eHMH 2 npHBeAeHa a 8 -nonpaaKa K nPQAQnbHoH CTPYKTYPHOH ~YHkijH~, HaH 
AeHHaA no 3Ha~HHG a8 -nonpaBKH K ee MOMeHTaM, 

Pa6oTa awnonHeHa B na6opaTOPMM TeopeTH~eCKoH ~3HKH OH~H. 

llpeapBBT ~ miCl'III'Yft UltJIIIWlt ~BIHIII • .lly6Ha 1988 

l<ot iJcov A. V. 
The Behaviour of the Structure Functions and Ratio 
R • otlaT in Deep Inelastic Scattering for x - 0 
and x- 1 and Their Scheme-Invariant Parametrization 

E2-88-422 

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 
= otiOT• where at and or are the cross sections for the longitudinal and 
transverse polarized photon scattering on the nucleon, for x - 0 and x - 1 to 
the first two orders of perturbation theory. In the two orders of perturba
tion theory we consider also the scheme-Invariant b~h~viour of the structure 
function and ratio R in this region of x. Following/51 we construct the pa
rametrization for the above-written functions. In the frama10rk of the sche
me-invariant 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 IC different 'for the different functions), where the 1' 

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 wei! 
give as-correction to the longitudinal structure function obtained with the 
help of as-correction to Its moments. 

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