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For the experimental studies of hadron-hadron proceses on new powerful LHC and 
SSC.colliders,it is necessary to know in detail the values of parton (quarks and gluon) 
distributions (PD) of nucleon, especially at small :z:. The basic information on quark struc
ture of nucleon is extracted from the process of deep inelastic lepton-hadron scattering 
(DIS). Its differential cross-section has the following form:-

::;y .eX: [(1 + (1 ~y)2) ~-1 +~(:z:~Q2)]Fz(:z:,Q2) 
where F2 and FL = ~F2 a.r" the tra.nsve~e and longitudinal structure functions (SF), 

. respectively. The ratio R(:z:, Q2) is a good QCD characteristic because it equals to zero 
in parton model._ Moreover, t~~; value of SF F,, whose data. is usually deduced from 

· experiment, depends essentially-on the corresponding values of R. We note that the value 
.. of the ratio R is very important also in the. case of polarized SF whicli are deduced from. 
experimentally measured asymmetry of cross~sections of polarized leptons and polarized 
nucleons. . 

The modem DIS experimental data (see [1) for review) are not reasonably accurate 
to determine R(:z:,Q2). Moreover, at small :z: the data for SF FL is absent at all yet. 
The theoretical predictions (see [2), for example) in the leading (LO) and next-to-leading 

· (NLO) of perturpa.tion theory (PT), are strongly different. It couses some doubt to apply 
PT in this region. 

In the present letter we are atudying the behavior of R(z,Q2) at em&!! :z: uaing the 
method (aee [3) ) of replacement of Mellin convolution by the usual integral. Moreover, we 
will use both usu&l PT and Grunberg's method of effective charges [4). Note that in the 
first two orders of PT the latter method coincides with scheme-invariant JSI) PT [5, 6). 

1. Assuming the Regge-like behaviour for gluon PD2 g(:z:, Q2) = :z:-6g(:z:, Q2 ) and 
singlet quark one s(:z:,Q2 ) = :z:-6s(:z:,Q2 ) = g(:z:)fp(i)3 , we get the followiiig equation for 
SF. F2 and FL . 

F1(:z:) = 

·· FL(x) 

s(x) + O(:r) (F1 = F1 - FL) 

a(Q2
) L Bf p(x) + O(x}, 
p=~.g 

'(1) 

where Br(k = 1, L) are one-loop coefficients of Wilson expansion for the first (n = 1) SF 
moments. 

Hereafter we use two rather strong hypotheses. We assume the similar behaviour for 
g(:z:) and s(z) a.t small x, that is confirmed by nume1·ical solution of Gribov-Lipatov
Aitarelli-Pa.risi equation, which has been given in [7), and neglect the nonsinglet part. 
Hence, the function p is independent on x. Moreover, we suppose that p is also inde
pendent on Q2, i.e. p = const. These hypotheses allow us to simplify the calculation 
essentially and perform the SI analysis of R(x, Q2} a.t small :z:. · 

Note-that the hypothesis aoaut the weak dependence of p on :z: and Q2 is confirmed 
by PD pa.rametrizations. However, different parametrization& result in essential different 
values of p. Hence, we will not use the fixed value for p in. our analysis. 

2 we use PD multiplied by : and do not separate out their Q2 dependence 
3 We restrict our consideration to the case 6 :: 0 corresponding to standard pomeron. The case 

6- (1/2) i3 not very interesting because there the add ilion of the NLO leads only to a. small change (see 
[2) ) of the LO predictions ' 
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From eqs.(1), using the above hypotheses and the exact values of Wilson coefficients, 
we get· -· -· 

.. .. - . . 4 
R =: a(~2}(Bf p+ Bi.] = 3a(Q2 l[J 11+ 2] · 

._ /.· 

(2) 

2. In the N,LO approximation cqs.(i). are changed. to the follo~ing form~ 

F1(x) = (1 +a(Q2)B:) s(x) + a(Q2 )Bfg(x) + O(x),;: 

. ~1-~ ~a(Q~))s(x) -~ ~fa(Q2)g(~) +-0(~) (3) 

FL(x) ~ a~Q2) L Bt (1 + a(Q2lRi)p(x) + O(x) = _ • 
p=a,g 

4 -"· . . - ·. . . . .. . ·. . ._, .. - . . . 

3a(Q2)[{1 +a(Q2)Ri)Jg(x) + _(1 + ~(Q2)Rp 2s(x)] + 0(3;), . _ 

·where th"e products BfRt ai·e the two-loop coefficients of Wilson ~xpansion f~r th~ first 
(n = 1) momeni·of longitudinal SF (sec {9]); namely· · · ' · 

' . . , . ~ "- - " 

-.· Rt:::~4[l(x) + ~] ;·'· ~t=S~46:- 8
/ [l(x) +5~641, 

• • • h •• • • • 

ahd.l(x) =Jn(1/x)- [lli(v + 1~+ 1'] . . . ? .. • -. . . 

Here IJi(x) arid 1' arethe ~ulierianiJi:function and constant, respectively, and vis the 
coefficii:mt c'onnected with g(x) asymptotic at large x:. g(x),...., {1::..: x)". We use~=. 4 in 
agreement ~ithquarks count rules (see [8)). · 

. Fro~ eq.(3)-we have the ~oli~wi_ng equation ·_for R( X) .· ·=-

Jl = ia_{Q2)[/.p(l + ~(Q2)Ri) + 2 (1 + a(~2)Ri}]/[1~~(4+/p)a(Q2 )),_ . (4) 

3. The'SI equatiori:forR canbe ea.;;ilyobtained from eqs. (2) and (4) by the introduc
ti'?n of new Sleffective coupling con:stant a(x; Q2), whiCh _contains the two-loop correction 
into its Apara.meter asfo_llows ' · ·· · __ _: . · · · · · · · 

A= Akex~(r/{2/3~)); . ~ ·;· 

where · · ' ·.. ·· • . · , · 2 . " 
~= (!p.Rt:t4f?tv.tup+2>:~r=Jir+ 3up+4> {p-=g,s) 

.Thus, we.ha~e 
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. Rs{ = 3a(:t,Q2) [fp + ?] . (5) 

4 .. let us study the .predictions given by·eqs. (2), (4) and:(5) . .The LO ofPT 
predicts the. fixed value for ratio 'R( x, Q2). l'he ·.two-loqp ~rrection is ·negative at small 
x •and ·increMe8 logarithmiCcilly for x ...... o._ This behaviour_agrees .numerica.IIy with _the 
prf:dictioris of papers [2, 10) for the)ongitudinalSF(tlie tr&ruivei-se SF:is ~gedpoorly 
.When•NLO is 8.(J.aed): Hence, the. standard ;PT is we<ildy applicable at very small :z:. 
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Figure 1. The effective couplingconstant a(x,Q2 ) .(d;u;he~~dott~n· curve) and, the. 
ratio R(x,Q2) (the dashen.and solidcurves com;spond to standard (i.e. ecj~(4)) and'S! 
PT (i.e. eq.(5)) results, resp~i:tively) an~ presented at Q2 = 10 GeV2 ~ The symbols. I and,. 
2 correspond to th~ values 1 and 5 ofp·. EMC and BCDMS data is indicated by white .. 

· and black cicl~, respectively. · · . . . 
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, where' '" <.. ..-< ' . ' . . .. 4 . -I< 
a(x) = (!3o!"<9~1·~~rs> + ~bln{l/.r).-:- 3c) ·. 

b. p+4/9 17 fp p+4.75-8.19/f 
=. p + 2/ J' c = 4 + 2 + p ,+ 2/ f 

1 Thus, in SI app~oach ,we do not get negative values. f~r :ratio R at any values of x. 
Moreover, the effective coupli11g constant-decreases logarithmically" at small x (see• also 
Fig.l), hence, it has similar" behaviour \vhen x -+ 0 andQ2 -+ oo. This result is obtained 
in the first two orders< of PT only. < The values of higher orders of PT. are unknown. 
·n:ovewer, if we construct SI PTfollmving, for example, the authors of paper [6),'where the 
effective coupling constant: contains only NLO, then we get the new<PT with decre;u;ing < 

. coupling constant wh~n X ~ O; So,• th~ results given by' this PT see~ more reliable than ! 

in the standard case. · .. " ' . ."" <" . . ·· , I " . · · ..• ·" · .• •. 

5. In co~ elusion; we analys~d the behaviour of ins ratio R(i, Q2
). at small X in the -~. 

'first two orders of PT. We restricted o'ui·selv~s to tl;~ caseg(x) -+ CO;lst, s(x)-+ canst 
when x .;> 0. The simple form for R wits obtained . In standard PT the ratio R would 
be negative<at iJ. very small x '(· x;::::: 10-7

) (see Fig.1 ):·In SI approach the problem of th~ 
negative values for R does not app~ar .. Moreover, the effective coupling constant' de~reases 
with the incr~~se of Q2 ~.well aS u;e decrease'of X (see Fig:1). This b~haviourofth~ 
SI coupling constant gives some gu~ranteefor the weak ~ffect of the contribution of the 

' higher mders corrections to the SI analysis results obtained by us. ' ' . · 
As it i:i'.~een from-Fi!i.l, the dose to 1 values of p are favoured by both EMC [11} ·· 

.and BCDMS [12}da;a.:We use;hereQCD par~meter A-J;; .':= 200.MeV andexperimental 
EMC points for Q2 ,;, (12.5 and '18) GeV2 and BCDMS ones for 1 Q2

·:;; (15 and 20) 
. GeV2 ' respectively (notice .that larger values of Q2 correspm:id to larger values of X). It 

is. expected that. an extennecrinformation about the r,atio R = uL/uT at x < 10-.
2 

and 
also on .the examination of Regge-like behaviour of SF in this region, will be derived from 
experiments on colli?ers HERA and LEP*LHC.· . . . 
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KOTHKOB A.B. 
Q DOBeAeHHH OTHOnieHHSI R(x, (f) CTpyKTypHbl 
my6oKoneynpyroro pacceSIHHSI 
B OOJiaCTH MaJibiX 3Ha'JeHHH X 

· M3y'Ieno noBeAenue crpyKTypublx <flYHKIJ.Il 
H~SI B o6nacru MaJibiX 3Ha'Ienuii x B seAym.eM u 
TeOpHH B03Mym,eHHH. llOJiy'IeHO CXeMHO-HHBap 
meHHSI R(x, Q2) npoAOJihHOH H nonepe'IHOH crp~ 
'ITO STO OTHOWeHHe oopam,aeTCSI B HYJih aCHMDT 

Pa6oTa BHnonueua B Jia6opaTopuu csepxs1 

fipenpHHT Q(h.eJlliHeHHOJ'O HHCTHTJTa IIJlepHbiX 

Kotikov A. V. 
On the Behaviour of DIS Structure 
Function Ratio R(x, Q2) at Small x 

The behaviour of deep inelastic structure fl 
the leading and next-to-leading orders of per 
invariant.analysis for the longitudinal and tra11 
R(x, Q2), is given. It is found that this ratio ter 
x-+0. 
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