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Тhe values of the deep inelastic scattering сюss-seсtiоns ratio R = U L / (ТТ асе found in 
the range 10-4 :$ х:$ 10-2 fют F2 and dF2/dlnQ2 HERA data using very simple relations 
based оп perturbative QCD. 

1. ВВЕДЕНИЕ 

@1997 

In recent уеаrз the behaviour of deep inelastic lepton-hadron scattering at the srnaU 
values of Bjorken variable х has been intensively studied. Опе of the rnaпу interesting deep 
inelastic scattering variables is the ratio of cross-sections of the absorption of а 10ngitudinaUy 
and transversely polarized photon Ьу hadron: R = UL/ur. ТЬе ratio R, which rnaу ье 
represented as the combination of the 10ngitudinaI FL(X, Q2) and transverse Р2(Х, Q2) DIS 
structure functions: 

(1) 

is а very sensitive QCD characteristic because it vanishes for free qиarks. At srnaU values of 
х, R data are not yet ауаilаЫе, as they require а rather ситЬеrзоте procedure (see [1], for 
example) for the extraction from the experiment. 

We study the behaviour of Щх, Q2) at smalI values of х, using the Нl data [2,3] and 
the method [4] of replacement of the MelIin convolution Ьу ordinary products. Ву analogy 
with the case of the gluon distribution function (see [3, 5-7]) it is possible to obtain the relation 
between FL(X, Q2), Р2(х, Q2), and dF2(x, Q2)/dlnQ2 at smaU х. Thus, the smaII х behaviour 
of the ratio Щх, Q2) сап ье extracted directly from the measured vaIues of Р2(х, Q2) and its 
derivative. These extracted values of R тау ье welI considered as new smaU х «experimental 
data»'). Moreover, when experimental data for R at srnaU х Ьесоте available with а good 
accuracy, а violation of this exactly perturbative relation will ье an indication of the importance 
of other effects as higher twist contribution andj or of nonperturbative QCD dynamics at small х. 

* Е-mаil: KOТIKOV@SUNSE.JINR.DUBNA.SU 
t Е-mаil: GONZALO®GAES.USC.ES 
1) A1though with the theoretical prejudice contained in the starting QCD relation. 
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We follow the notation of our previous works [7,8]. The singlet quark s(x, Q6) and gluon 
g(x, Qб) parton distributions2) at some Qб are parameterized Ьу (see, for example, [9]) 

(2) 

(hereafter р = s, g). 
Further, we restrict the analysis to the case of large {у values (i.e., х-6 ::::р 1) following 

recent Нl data [2]. The more complete analysis conceming to the extraction ofthe longitudinal 
structure function FL(x, Q2), тау Ье found in [8], where we took into account also the case 
{у '" о corresponding to the standard pomeron. 

Assuming the Regge-like behaviour for the gluon distribution and Р2(х, Q2) at х-6 ::::р 1: 

g(x, Q2) = х- 6 у(х, Q2), Р2(х, Q2) = х-6 в(х, Q2), 

we obtain the following equation for the Q2 derivative of the structure function Р2 3): 

dF2(x, Q2) _ 1 -6" [1+6 - 2 6 -, 2 2 ] 
dlnQ2 - -2"Х ~ Т8р (а) р(О, Q ) + т8р (а) хр (О, Q ) + О(х ) , 

P=8,g 
(3) 

FL(x, Q2) = х-6 L [т},+;(а) р(О, Q2) + rfp(a) хр'(О, Q2) + О(х2 )] , 
p=s,g 

where т;р(а) and т2р(а) are the combinations ofthe anomalous dimensions ofWilson operators 

'У;р = a'Y~~''1 + a2'Y~~''1 + О(аЗ ) and Wi1son coefficients4) aBf:'1 ( 1 + aR1''1) + О(аЗ ) and 

aBf''1 + О(а2 ) of the 'Г/ «moment» (i.e., the corresponding variables extended from integer 
values of argument to noninteger ones): 

т2.<а) 

т'18(а) 

т'1 (а) = ~aB9.'1 [1 + а (R9,'1 _ Bi''1 B~''1)] + О(аЗ ) 
Lg f L L Bi''1 ' 

а-)О)''1 + а2 (,...(1),'1 + B g,'1,...(O),'1 + 2{З ВВ''1) + О(аЗ ) 
188 '" 2' 98 О 2 , 

(4) 

~ {а,...(О),'1 + а2 [,...(1),'1 + В8,'1,...(0),'1 + В9,'1 (2{З + ,...(0),'1 _ ,оу(О)''1]}] + О(аЗ ) f 189 189 2 189 2 О 199 188 , 

and 

where е = "Е{ е: is the sum of squares of quark charges. 
With accuracy of О(х2- О ), we have for Eq. (3) 

2) We ше parton distributions multiplied Ьу х and neglect the nonsinglet quark distribution at зmаlI х. 
3) Hereafter we use a(Q2) = а.(2)/41Г. 
4) Вecause we consider here Н(х, Q2) but not the singlet quark distribution. 
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dF2(x, Q2) _ 1 [1+6(С )-6 (х Q2) 1+6 Р ( Q2) (6 1+6 1-6 -, 2 ] 
dlnQ2 - -2" Tsg .... g 9 ~sg' + Твв 2 Х, + Твв - Твв)Х S (Х, Q) + 

+ о(х2-6 ) . (5) 

F ( Q 2) - 1+6(с )-6 (х Q2) 1+6р ( Q2) (6 1+6) 1-6 -'( Q2) LX, -ТLg ... Lg 9 ~Lg' +rLB 2 Х , +TLb-rLв х ВХ, + 

+ о(х2-6 ) (6) 

'th с - 1+6/ 6 d с - 1+6/ 6 W1 "'8g - TBg TBg ап ... Lg - r Lg TLg . From Eqs. (5) and (6) опе сап obtain FL as а 
function both of Р2 and the derivative: 

F (Х Q2) = _с6 [2 rl~6 dF2(X~, Q2) + ~Т1+б _ rl+g6 т 1 +6) р (хс Q2)+o(x2- 6 ах l-6 )] (7) 
L, ... т 1 +6 dlnQ2 LB т 1 +6 вв 2 ... , , , 

8g 8g 

where the result is restricted to О(х2-6 , ах l- 6 ). То arrive to the above equation we have 
performed the substitution 

с /с -+ с = ",,(0),1+6 Bg,6/",,(0),6 Bg,l+6 
"'8g ... Lg ... /Bg L /8g L 

and neglected the term '" в' (X~sg, Q2). 
Тhis replacement is very useful. ТЬе anomalous dimensions 'Y~~,n in the next-to-Ieading 

order approximation (NLO) are singular in both points, n = 1 and n = О, and their presence in 
the arguments of р(х, Q2) makes the numerical agreement between this approximate formula 
and the exact calculation worse (we have checked this point using some MRS sets [9] ofparton 
distributions) . 

Using NLO approximation of т;;6 and rl~6 for the specific value б = 0.3, we obtain (for 

f = 4 and MS scheme) . 

2 _ 0.84 [dF2(0.48X, Q2) 2 ] 2 2-6 1-6 
FL(x,Q)- 1 + 59.3а dlnQ2 +3.59aF2(0.48x,Q) +О(а ,Х ,ах ). (8) 

Notice that the а. correction in the denominator of the factor in the right-hand side of Eq. (8) 
gives а large contribution. For example, at Q2 = 20 аеу2 the denominator is 1 + 0.92. 

With the help of Eqs. О) and (8) we have extracted the ratio Щх, Q2) from Нl 1994 
data [2], determining the slopes dF2/dlnQ2 from straight Нпе fits as in [3,5]. In the present 
calculation, оnlу statistical епоrs from that measurements have Ьееп taken into account. То 
estimate the systematic епоrs that have Ьееп added in quadrature, we have used those from 
ап early analysis performed Ьу Нl [3]. In the calculation of the running соирНng constant 
a 8 (Q2) at two loops we have taken A~~ = 225 МеУ. 

Figure а shows the extracted ratio R at Q2 = 20 аеу2 using the above formula for 8 = 0.3. 
Тhis value of 8 is very close to those obtained byvariousgroups from QCD fits to Нl data [2,10]. 
Fig. laalso shows BCDMS [11] and preliminary CCFR (see [12]) data pointswith muchlarger 
епоrs. 

For сотратоп we have Ш0 plotted various predictions for R using QCD formulas at 
О(а:) [13-15]5) and parton densities extracted from fits to HERA data. ТЬе large difference 

S) ТЬе quark singlet and nonsinglet kernels in MS scheme are taken from (13J. It was noted in [16] that 
the gluon kernel given in [13] is erroneous. We use the correct result given in [14, 15J. 
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The ratio R = (1L/(1T at small х. The points were extracted from Eqs. (1) and (8) using Нl [2,3) 
data. The dashed-dotted Нпе (NPRW) is the prediction of Saclay group (19) based оп the dipole 
picture of BFKL dynamics. Тhe band represents the uncertainty from the DGlAP analysis of 
HERA data in (18). It is also shown BCDMS data (11) points at high х and the prelirninary 
CCFR data point from (12). Тhe solid lines (in Fig. Ь) are the SlAC R(1990) рaлUnеtrizatiоп 

(20) at Q2 = 8.5,20 and 35 Gey2 (Iower curve corresponds to 10wer Q2 value) . 

between the result from MRS(G) апд the latest set MRS(R1) [17] shows the sensitivity of R 
to the update of these parton densities to new НЕRЛ data. Опе сап also notice that all these 
predictions remains higher than our extracted points. 

Ву other part, recent theoretical calculations оп R based оп the conventional NLQ 
Dokshitzher-Gribov-Lipatov-Altarelli-Parisi (оаир) evolution analysis of НЕRЛ data 
(LBY) [18] апд оп the dipole picture ofthe Balitskii-Fadin-Kuraev-Lipatov (BFKL) dynamics 
(NPRW) [19] are in а very good agreement with our points obtained with Eq. (8). 

Finally, Fig. Ь shows the extracted R with б = 0.3 at three different Q2 values showing опlу 
statistical errors (to avoid the strong overlap between the data points at different Q2 values), in 
comparison with the SIAC R(l990) parametrization [20] based оп larger х data. А relatively 
good agreement at х ~ 10-2 is achieved when the systematical епоrs are taken into account. 
Notice that the points at the same х апд different Q2 are сопеlаtеd Ьу the [оrrn in which the 
derivative terrn dF2/ d lп Q2 is deterrnined. 

In summary, we have extracted the ratio R = (J' L / (J'T at small х from the structure function 
Р2 апд its Q2 derivative with the Ьеlр ofEqs. (1), (7), (8). These equations provide the possibility 
of the nondirect deterrnination of R. This is important since the direct extraction of R from 
experimental data is а cumbersome procedure (see [1]). Moreover, the fulfillment of Eqs. (1), 
(7), (8) Ьу деер inelastic scattering experimenta1 data is а cross-check of perturbative QCD at 
small values of х. Our forrnulas сап also ье used as а parametrization of R as а function of 
the most widely used phenomenological Р2 • 

Thе results дерепд оп the specific value ofthe slope б. In the case {) = 0.3, which is very 
close to the values obtained Ьу Нl group [2] at the considered Q2 interval, we [оипд а relatively 
good agreement with the SIAC parametrization [20] апд also а very good agreement with the 
studies based оп NLO DGI.AP апд BFKL dynamics (see [18] апд [19], respectively). However 
the calculation perforrned with the latest sets of НЕRЛ parton densities using perturbative QCD 
at second order (see MRS(Rl) curve in рщ. а) predicts а slightly higher value of R. 

This work was supported in part Ьу CICYТ апд Ьу Xunta де Galicia. We are grateful 
to J. W. Stirling for providing the parton distributions used in this work, апд to А. Bodek, 
М. Юеiп, апд Р. J. Yndurain for discussions. 
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