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A STUDY OF QCD COUPLING CONSTANTAND POWER CORRECTIONS IN THEFIXED TARGET DEEP INELASTICMEASUREMENTS�V.G. Krivokhijine and A.V. KotikovJoint Institute for Nulear Researh, 141980 Dubna, Russia(Reeived July 1, 2002)We reanalyze deep inelasti sattering data of BCDMS Collaboration byinluding proper uts of ranges with large systemati errors. We performalso the �ts of high statisti deep inelasti sattering data of BCDMS,SLAC, NM and BFP Collaborations taking the data separately and inombined way and �nd good agreement between these analyses. We extratthe values of both the QCD oupling onstant �s(M2Z) up to NLO level andof the power orretions to the struture funtion F2.PACS numbers: 12.38.Bx, 13.60.Hb, 06.20.Jr1. IntrodutionThe deep inelasti sattering (DIS) leptons on hadrons is the basial pro-ess to study the values of the Parton Distribution Funtions (PDF) whihare universal (after hoosing of fatorization and renormalization shemes)and an be used in other proesses. The auray of the present datafor deep inelasti Struture Funtions (SF) reahed the level at whih theQ2-dependene of logarithmi QCD-motivated terms and power-like onesmay be studied separately (for a review, see [1℄ and referenes therein).In the present paper we sketh the results of our analysis [2℄ at theNext-to-Leading Order (NLO) of perturbative QCD for the most knownDIS SF F2(x;Q2) taking into aount experimental data [4�7℄ of SLAC,NM, BCDMS and BFP Collaborations. We stress the power-like e�ets,so-alled twist-4 (i.e. � 1=Q2) ontributions. To our purposes we representthe SF F2(x;Q2) as the ontribution of the leading twist part F pQCD2 (x;Q2)� Presented at the X International Workshop on Deep Inelasti Sattering (DIS2002)Craow, Poland, 30 April�4 May, 2002.(2947)



2948 V.G. Krivokhijine, A.V. Kotikovdesribed by perturbative QCD, when the target mass orretions are takeninto aount, and the nonperturbative part (�dynamial� twist-four terms):F2(x;Q2) � F full2 (x;Q2) = F pQCD2 (x;Q2)  1 + ~h4(x)Q2 ! ; (1)where ~h4(x) is magnitude of twist-four terms.In this paper we do not present exat formulae ofQ2-dependene of SF F2whih are given in [2℄. We note only that the PDF at some Q20 is theoretialinput of our analysis and the twist-four term ~h4(x) is onsidered as a setof free parameters (one onstant ~h4(xi) per xi-bin): ~hfree4 (x) =PIi=1 ~h4(xi),where I is the number of bins.2. Fits of F2First of all, we hoose the ut Q2 � 1 GeV2 in all our studies. ForQ2 < 1 GeV2, the appliability of twist expansion is very questionable.Seondly, we hoose Q20 = 90 GeV2 (Q20 = 20 GeV2) for the nonsinglet(ombine nonsinglet and singlet) evolution, i.e. quite large values of thenormalization point Q20: our perturbative formulae should be appliable atthe value of Q20. Moreover, the higher order orretions � �ks (Q20) and� (�s(Q2)� �s(Q20))k (k � 2) should be less important at these Q20 values.We use MINUIT program [8℄ for minimization of �2(F2). We onsiderfree normalizations of data for di�erent experiments. For the referene,we use the most stable deuterium BCDMS data at the value of energyE0 = 200 GeV (E0 is the initial energy lepton beam). Using other types ofdata as referene gives negligible hanges in our results. The usage of �xednormalization for all data leads to �ts with a bit worser �2.2.1. BCDMS 12C +H2 +D2 dataWe start our analysis with the most preise experimental data [6℄ ob-tained by BCDMS muon sattering experiment at the high Q2 values. Thefull set of data is 762 points.It is well known that the original analyses given by BCDMS Collabo-ration itself (see also Ref. [9℄) lead to quite small values �s(M2Z) = 0:113.Although in some reent papers (see, for example, [10,11℄) more higher val-ues of the oupling onstant �s(M2Z) have been observed, we think that anadditional reanalysis of BCDMS data should be very useful.Based on study [12℄ we proposed in [2℄ that the reason for small valuesof �s(M2Z) oming from BCDMS data was the existene of the subset of the



A Study of QCD Coupling Constant : : : 2949data having large systemati errors. We studied this subjet by introduingseveral so-alled Y -uts 1 (see [2℄):y � 0:14 when 0:3 < x � 0:4; y � 0:16 when 0:4 < x � 0:5;y � Yut3 when 0:5 < x � 0:6; y � Yut4 when 0:6 < x � 0:7;y � Yut5 when 0:7 < x � 0:8 (2)and several N sets for the uts at 0:5 < x � 0:8: TABLE IThe values of Yut3, Yut4 and Yut5.N 0 1 2 3 4 5 6Yut3 0 0.14 0.16 0.16 0.18 0.22 0.23Yut4 0 0.16 0.18 0.20 0.20 0.23 0.24Yut5 0 0.20 0.20 0.22 0.22 0.24 0.25From the Figs. 1 and 2 we an see that the �s values are obtained forN = 1�6 of Yut3, Yut4 and Yut5 are very stable and statistially onsistent.
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Y cutFig. 1. The study of systematis at di�erent Yut values in the �ts based on nons-inglet evolution (i.e. when x � 0:25). The inner (outer) error-bars show statistial(systemati) errors.1 Hereafter we use the kinematial variable Y = (E0 � E)=E0, where E is satteringenergies of lepton.
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Y cutFig. 2. All other notes are as in Fig. 1 with two exeptions: the �ts based on ombineevolution and the points NY ut = 1; 2; 3; 4; 5 orrespond the values N = 1; 2; 4; 5; 6in Table I. 2.2. SLAC, BCDMS, NM and BFP dataAfter these Y -uts have been inorporated (with N = 6) for BCDMSdata, the full set of ombine data is 1309 points. The results of the �ts areompiled in the Summary. 3. SummaryWe have demonstrated several steps of our study [2℄ of the Q2-evolutionof DIS struture funtion F2 �tting all �xed target experimental data.From the �ts we have obtained the value of the normalization �s(M2Z) ofQCD oupling onstant. First of all, we have reanalyzed the BCDMS datautting the range with large systemati errors. As it is possible to see in theFigs. 1 and 2, the value of �s(M2Z) rises strongly when the uts of systematiswere inorporated. In another side, the value of �s(M2Z) does not dependenton the onrete type of the ut within modern statistial errors.Fitting SLAC, BCDMS, NM and BFP data, we have found in [2℄ that atQ2 � 10 � 15 GeV2 the formulae of pure perturbative QCD (i.e. twist-twoapproximation together with target mass orretions) are in good agreementwith all data. When we have added twist-four orretions, we have very goodagreement between QCD (i.e. �rst two oe�ients of Wilson expansion) andthe data starting already with Q2 = 1 GeV2, where the Wilson expansionshould begin to be appliable. The results for �s(M2Z) are very similar(see [2℄) for the both types of analyses and have the following form:�s(M2Z) = 0:1177 � 0:0007 (stat)� 0:0021 (syst)� 0:0009 (norm); (3)



A Study of QCD Coupling Constant : : : 2951where the symbols �stat�, �syst� and �norm� mark the statistial error, sys-temati one and the error of normalization of experimental data.We would like to note that we have good agreement also with the anal-ysis [11℄ of ombined H1 and BCDMS data, whih has been given by H1Collaboration very reently. Our results for �s(M2Z) are in good agreementalso with the average value for oupling onstant, presented in the reentstudies (see [10, 14℄ and referenes therein) and in famous reviews [15℄.At the end of our paper we would like to disuss the ontributions ofhigher twist orretions. In our study [2℄ we have reprodued well-knownx-shape of the twist-four orretions at the large and intermediate values ofBjorken variable x (see the Fig. 3 and [2, 9℄). Note that there is a small-x
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Fig. 3. The values of the twist-four terms. The blak and white points orrespondto the small-x asymptotis � x�! of sea quark and gluon distributions with ! = 0and ! = 0:18, respetively. The statistial errors are displayed only.rise of the magnitude of twist-four orretions, when we use �at parton dis-tributions at x ! 0. As we have disussed in Ref. [2℄, there is a strongorrelation2 between the small-x behavior of twist-four orretions and thetype of the orresponding asymptotis of the leading-twist parton distribu-tions. The possibility to have a singular type of the asymptotis leads (inour �ts) to the appearane of the rise of sea quark and gluon distributionsas � x�0:18 at low x values, that is in full agreement with low x HERAdata. At this ase the rise of the magnitude of twist-four orretions is om-pletely anelled. This anellation is in full agreement with theoretial andphenomenologial studies (see [2℄).2 This orrelation omes beause of very limited numbers of experimental data usedhere lie at the low x region. Indeed, only the NMC experimental data ontributethere. We hope to inorporate the HERA data [11, 13℄ in our future investigations.
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