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1. Introduction 

It seemB todBY thBt qUBntum chromodynamics (QCD) is a very good 

candidate to be a theory of strong interactions. The QCD prediotions 

are in good qua1itative agreement with a great number of data on 1ep

ton-hadron and badron-hadron processes in a 1arge k1nematio region. 

That.is why a detai1ed quantitative verification of QCD is of great 

interest. The QCD-ana1ysis of the data on deep ine1astic 1epton-nuo

1eon scattering is one of the best ways to do that. To test the w8ak 

Q2 dependenco of the nuc1éon structure funotions as predicted by QCD. 

bigh statistics data for a 1arge Q2 range are needed. This ia just 

the caBe of deep ine1sstic 1epton-nuc1eus soattering experimente. 

However, if we want to check a1ao the quark-parton ideas on the nuo

1eon struoture thee6 experimenta cannot be used now to dete~ine tbe 

parton distr1butions 1n the free nuo1eon. Thia 1s due to the dieoo

very /1/ Df an,anoIDa1y in the ratio of the struoture funotion'2 

measured on heavy nuoleus to the struoture ~unotion '2D2 measured on 

deuterium (the so-oalled EMC effeot).This effect has oonfirmed again 

the important role Df the deep ine1Bstio 1epton soattering off hydro

gen Bnd deuterium targets for tbe nuc1eon struoture atud1. 

Tbe aim of this paper is a next-to-1eading order (NLO) QCD

-analys1a of the EMO data on deep ine1astic JLf /2/ and)!~ /)/ 

soettering experimenta. Due t~ high statistios. one of tbe ma1n ad

vantagle Df theee experimente 18 an eoourate measurement Df the Q2 

dependenoe of the free and quasifree nuo1eon struoture funot10na in 

B 1arge'k1nematio range. 

Tbere are two reasons to 1nvo1ve next-to-1eading order QCD 

oorrections to the struoture functions. 'irst Df al1, the QCD Bca1e 

parameter 1\ determined by the elperimenta1'data can be oonnected 
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with the used renormalization schemo in unique way only if theaa 

correctiona are taken into acc9unt /4/. Secondly. having in mind t~e 

available Q2 valuee at present. thea8 correctiona are not negligible 

in tbe higb X range. 

In aontraat to the majority Df papera on thie aubject·the 

oross section data on deep inelastic scattering (not the expertmen

"	 t~l valuea for the nucleon atructure functions obtained frem these 

data by additional extrapolations and assumptiona) are analyaed. The 

nucleon structure functions F2 and FL (or R) are given in termo of 

parton dietributions. Tbe expresa10ns for these functions predicted 

by QCD in tbe desired approximation are aubstituted in the erase 

seotion formula for deep inelaBtio muon scattering off nucleona 

(eq.(1) below). Tben. tbe tbeoretical crDas sectiona thus obtained 

are compared with their experimental values. Tbe QCD parometer 

and all parametera oBsociated with the parametriaation of tbe parton 

diatributiona are determined by fitting tbe cross section data. In 

auch an approaob. firstly. additional extrapolationa wbiob decrease 

tbe precision of the meaaured crosa sectione are not needed. and 

eocondly.' tbe complete eet of exporimental data on oroee eeotiono ia 

ueeq. Por tbat reaoon we ooneider tbat such a teat of the QCD pre

dictiona for tbe deep inelastic lepton-nucleon processes bas definite 

advantsges today. 

2.	 Metbod of Ânalyaia 

Tbe m~thod of analysia waa described in detail in our previous 

papera /5,6/. In tbeso, papera, 8 leading order QCD fit to tbe data 

on d••p inel&atio rouon-nuoleon Boattering bas been done. Hera, we 

are going io recall only tb. basio features of tbe motbod and to 

give Bome neo8sBary formula0 taking into acoount tbe noxt-to-leading 

order oorreotions to tbe nuoleon structure funotions. 

2 

The moaoured differential oros~ aootion for tbe deep inelastio 

muon-nuoleon aoattering in one photon exohange approximation takes 

the following form in the EMC kinematio region 

cL
2 
6 = 41T~1 [(~-~ ;-'1i)~(X,Q4) - 'fi Fl.(X,Q2.)1, 

c!xdQ? )( Gl lt	 
. (1 ) 

wbere Q2 ia the momentum tranafer aquared , X = Q'J./2MV ia 
.	 'E'tbe Bj orken acaLf.ng variable. y=..y I E • "'V = E- E ) E and 

are tbé muon initial and final energy. re~pectivelY. In eq.(1) '2 
and 'L are tbe nuoleon atructure funotiona dependi~g on X and Q2. 

Tbe longitudinal struoture funotion 'L ia defined as 

I="L ( )( I cf) =F,. (X ,(f) - .l X ~1 (>c, Q") . 
(2 ) 

~n leading order (LO) QCD. tbe Callan-Gro88 relation /7/ bet

ween F1 and F2 
LO \.0 

z« F: (x I Q%) = \=',2. ()( I Q2.)
1 

(3 ) 

ia true and in this approximatien 

LO 2
F (X I Q ) = OL (4 ) 

Tbe croas aeotion (1) ia ueually written in turma of F and
2 

tbe ratio 
1

GL	 _ (1 + 4Mx2./ Q2. ) F:l - Â,X; Ç""H.: 
GT .2X Fi 

(5 ) 

where ~L and arT are the longitudinal and transverse 

total pbotoabaorption oroe8 8eoti~ns. 

In leading order QCD approximation the quantrty R.. ia also 

equal to zeros Lo 
"R.. (X) (f) ::: O	 (6 ) 
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and then there ia one-to-one oorreapondence between the measured 

oross seotion (1) and the structure funotion F~ 
LO • In tbis case, 

analysis based on tbe fito of'2 to the cross seation data or to 

the extraoted from these d~ta values for'2 aasuming R. O are 

equivalente 

However, ip the next-to-leading order QCD approximation 'L ie 

~ dlfferent from zero and bas the form 

1 . 
NLO LO( 2.) JI rA r LO 2. \J ( \.0;l

~L()(,Q1)= ti.. til '1.2, ~L;;r2(1IQ)t;ON5 ~-~)~C (~I<t)J'
 
Lnr x y~ (7 )
 

LO 1 1.0 
Here N~ is tbe number of flavour, F;z, (x I Q) and G (>e I Q'l.) 
are the leading order expreesions for '2 and the gluon distribu

tion in the free nueleon. 

There are two waya to test the next-to-leading order corrections 

to FL and '2 • In the first one, the .theoretical predictions for 

'L and '2 are oompared with the model-independent experimental valu

es of theae quantitiea. In the eeoond, tbe theoretical croas aecti 

ons (1) aocounting the next-to-leading order corrections to PL (sq. 

(7» and 1/2 (eqa, (8a, b)) ~elow are fitted to the directly measured 

valuea of these cross sections. 

The determination of '2 and 'L (instead Df F the ratio R ia 
L 

usually determined by the 'experimentalista) in a model-independentway 

ia a diffieult experimental tasks Cross aection data at fixed X 

and Q2. but at different values of muon beam energy are needed. 

The application Df suoh a procedure for the available data requirea 

additional extrapolationa. As a result, the accuraey in .determinati 

on of R ia mucb amaller than that of the measured croas a8ctions. 

Moreover, it is impossible to use complately the information on the 

oross aeotion data in this procedure. 1/or instancs, the data points 
.

Q
~ 

( )(, ) at one or two valuea of the beam energy are not uaed
 

for determination of R. 1/or that rosaon tbe ( X J Q~ ) region,
 

4, 

where R(FL) and '2 are' model-independently determined ia swaller 

tban that Df the cr~Bs seetion data. That ia why we consider that a 

direot QCD-analyaie Df the croae aection data on deep inelastio muon

-nuclaon acattering has advantagea at presente 

Before coniinuing tbe deaoription of our method Df analysia 1st 

us mention also two QCD fita to the data wh~cb oan be found in the 

literatura and seem to be ino.onsistent. In the first .. one, tbe'valu

es for '2 obtained from tha ~roas aection data by aBaumption that 

R • O are compared with the next-to-leading order prediotion for 

çN LO t) .'2: 2. ( )( 1 Q • But in thls Bpp~oximation Df QCD R ia diffe

rent from zeros RNLO(X, Q2.);ot In the aecond test, the valuea 
"D 1) lILO

for'2 found from the crose aection data by asauming ~ = ~ . 
are fitted by the leading order expreasion for tbe atructure funotion 

LO( 1)'2: r~ x. l Q • We think that sueh a test ia ineonsiatent too. 

In the next-to-leBding order QCD the proton and deuteron atruc
(p) (lf,)

ture functiono '2 Bnd '2 oan be repreaented as 

(PlI'iLO NLO Nl.O SHL.O eNl O 1 

F~ (x, <t) =i xU" (x ,li') +1 Xd." (,c. I <i') + ~ X (lC I Q1) +~ X <.)( •Q ) ) 
. 9 ~ 9 (8e) 

(c:l.'HLO (fiLO HLO ~ S"'LO NLO :.1
11=2, (XI Q1) = !J xu, ('lC1ct) + Xd."(~lct) +!x (>t.Q2)+ ~xC ()(.Q),
1 ~8 , 9 J (8b) 

"here 

Js= S C=~C ( C == c. ) . 
In eqa. j8á. b) U\f 1 cL" l S and C are the valenco u.. 

anel .cl. ~trange and obarm quark distributions in the free proton. 

tbat the SU()-aymmetr,y of t~e Bea quark distri 

butiona anei eq. C=C are BBsumed in order to obtBin tbese ex

pressione for '2. In eq. (8b) tbe Bssumption tbat tbe deuteron i8 

B system of two quaaifree nuoleons i8 Blao mede. N?te, however, 

tbat unlosa the origin of tbe EMC etfeot /1/ ~a oleared tbi8 conjeo

ture ..ill rema1n qU8ationable. 
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It is known /8,9/ tbat definition of the parton distributions 

beyond tbe leading order ia not unique. In eqs. (8s,b) tbe def~ni

tion /9/ in	 wbicb tbe parton formula0 for P2 hold is used. Note also 

that tbe parton distributiona in 'tbis definition áre renormalization

-prosoription independent. 

The quark distributione ~n eqe. (8a,b) satiefy the Lipatov

Altarelli-Parisi (LAP) equations /10/ in the next-to-leading order 

QCD or tbe'correeponding evolution equations for tbe moments of tbese 

distributione (s.g. ref. (4» .Tbere are several methods to solve 

tbese equatione approximatelly. In this paper tbe metbod suggested 

by Buras and	 Gaemere /11/ ie used. Aooording to th1s metbod, tbe 

tol'lowing parametrieBtions for tbe parton distributions are assumedl 

XU:"(X, Q1) ,. ru, (s} X'1.,(1) (1- X) ~.(11 
(9a) 

xd.;'ê X, Q&) =fel. (OS) X '4 (1) (1 _X)1.(s) , (9b) 

X ,s.'(X, Q') ; "', ('5) (1 - X ) ?,('S ) , (90 ) 

XCIIL( X, Q') =A/s) (1 _ )( ) ~ c (1 ) (9d), 
Xc;.LO(X, Ql) = ~ (;Cf,) (1 _X) ?G-(S ) 

(10) 

wbioh are a s1mple genera11zation of these d1str1butions at Q2. Qo2. 

In eqs. (9a-d) 

O5 :: k [ cÁNI. ( .a; ) 1 
,;.HL.O (0.1 ) J 

(11 ) 

NL.O 2. ) 
.bere ol (Q is tbe next-to-leading order running ooup

l1ng oonstant of strong interactions 

6 

l-1-b ~ ~(Q1/J11.) ]
cJ.-

NL.O

(G2 
) = IfTT 

.fM.(Q2jfl'1. )~o ~(Q2/A2.) ~o 
(12 ) 

with (13 ) ~ o =11 -1N~ l ~ '\ ="O~ -~ N~ • 

The ooeffio1onta ru.('S) and r cl (5 ) in sqa , (9a,b) 

are determined by the parton sum ruloa 
1\ 

1

5U V( X,Ql ) J x : 2 , )J"t)( ,Ql) =i 
oO 

(14 ) 

artd in our case they take the forro 

r~ (OS) =1	 r(Yf(s) +- ~1(S) +1) 

r(fieg)) r(72.('S)+1) (158) 

= f( qaCS) 1" q,,(l) -+1)
rolCs) 

r(?3(S») r(?,,(~)t1) 
(15b) 

In eqa , (15~" b) r i8 Euler's gemma funotion. 

Note ~~at in eq. (10) $ io given by tho rBtio Df tbe leading 

order atrons coupling oonBtBn~e 

, oLLo ( a;) ) 
(16 )5 =e.. ( d.-LO( a')where 

~1f 

,lO(Q') = ~.!At(Q'j":.) 
(17 ) 

Por the leading order quark dietributióne, invQlved in
 
NLO( 1) F Lo
F X. Q via the etructure function 1 (x,Q:l) , pBrametriss-

L 

tiona of the	 kind (9a-d) (replecing S by S ) are used. 
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li 
111

II
I Toe exponenta 1~ (, S ) in eqe , (98. b) aro taken to be li

near f'unotiona of 5 
1- I. 

I~~CS) =~~(o) + ~i. S ~=11····"1· 
(18) 

, 
Tbe alopee ~t are determined from tbe requirement that 

the valenoo qusrk diatributiona (90.b) have to reproduoe tbe next

-to-lesding order'QOD prod1ot1one for the1r tirst 20 momento w1th 

an aoouracy not emaller than 1-lo5~. It turns out that tbil oond1ti

on can be fulfil1ed for the EMO kinematic ran&o.· As bas boen already 

ehown /12/, tbia aoouraoy of the moment spproximation ia onougb to 

reproduoe correotly the numerioal solutiona Df tho LAP 8quations for 

tbo valenoo diatributions in tbe range 0.02 ~ X L 0.80. 

Tbe quantitios 

: ~t (O) A := Af;(O) , ~~=~~tO) ~G- :: ~G-lo)~~ s 

(19) 

(tho BBsumption A (O) =O ia uaed ) are free parametere aesocic
atod w1tb tbe pal'ton distribut10ns at some f.lx:ed value Df Q'- =Q; 
trom tbo k1nemat~a r~nge Df tha experimenta. It i~ oonvenient, in 

2. Q'1.practioe. to ohcoae ao = ",tn. • 'lhore are experimental 

evldonc~/13/ thot tbe soa quark diotributiona aro cloee to zero 

in the range X > 0.35. Then. tho quanti tias As C&) \ ~ S (s) 

A, ('5 ) and ~ c (S ) can be wri1;ton explic1tly /11/ ae funo

tions Df tbo parametera (19) and 1\ using only tho tirat two 

QCD moments. In tbe papel' /11/ tbia ba9 baen dono in the leading 

order QCD. Howovor. 1t ia a a1mplo taek to repeat this proceduro 

taking lnto account tbe next in ol, oorroctlone. 
• '0.2'.~ ~iI 

In contraat witb reta. /11,12/ tbe valu0a of tbe paramoters 

t1\ Cc.» " qt I AS ~,., ~ ~ 1 aro determined by a I 

simultanoous fit to tba orose aootion data and tbe noxt-to-leading 

8 
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order QCD equationa for tbe momento Df the valenos quark distri~u

tione. All numer1cal values' Df the quantitiee involved in thes8 oqu

ations are taken in correspondenca Df the so-callad M~ reno~8li

zat10n Bcbeme /14.15/. 

Ending thie eection we would.like to note tbat any one than the 

Burae-Gaemera method oould be uaed to solve the QCD equationa for 

tbe parton diatrlbutlona. We ~ave applied it because of tbe aimple 

analytio parametrisstione of tn0s9 d1atributions which are oonvanient 

and uaeful for practioal purpoaea. Beeidas, theee parametriaationa 

approximate the exeot solutiona Df QCD equatione wlth an accuracy 

better enough than the preoiaion of the available at preaent data. 

3. Resulte of the Analysia 

In thia aect10n we give the resulte Df our simultaneoua fit to 

tbe DtC deep inelaetio f'P /2/ and fd /3/ aonttering 4ata' in 

tho following kinematio ragiona 

5 i. Q2 L 110 G-&2..0.01. '- X c o. 80 ' , )fr: 
1 c Q1 i. f}O ~2.O. o). c x 4. O. 80 . .)!d.: 

V/e neve .ehoaen Go Q2. =5 (;.e. \}2. • IiÇlweve the valuea Df "MCi» and 

'X,2./DOF= were not sonsitivo to thio particu r aboico Df. Go2. • 

It is woll known tbat tbe abape Df tbe gluon distribu n &nd A aro 

strongly oorrelated. The influenae of tbe power ~ 6- on 

beon dieauaaed in dotail in our previous papar /5/. Hera we havê 

fixed lG-=5 • This value Df ~ G- ia in agraement \'11 tb tbe 

results Df the EMC analyeis /2/. In all fita only atatistiaal errora 

aro taken iuto aoaount. Frem normalization featora N~ and Ncl. 
~o introduoed to &oooUnt tor tbe relativo normaliaation between 

data Beta at difforent 1ncident energies and different targeta. 

9 I 
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'Higher twist 8 corrections to the nuclaon atructure functions are 

not included in this analysia. As hae been shown in ref. /2/, thair 

contribution to the etructura functione can ba neglected in the EMO 

kinematic region. 

Tbe resulta of analyais are preaented in tablea 1 and 2. Lst ue 

atart our diacusaion with the non-a1nglet fit resulta. in the range 

:X)O.3. ~B haa baen already n~~e~. there are strong evidencea from <I 
},

tbe neutrino Bc~ttering experimenta that tbe sea quark distributions 

are· oloao to zero in tbia region. Then. tbo gluon distribution 

G(~ I Q1) can be neglected too,and .the QCD-fit to the data in 

that region ia independent of tb~ assumption on the abape of gluons. 

So. in tbia éaee tbe proton and deutoron atructure functions are 

expreaaed only via tbe valenoe quark diatributione. Tbe value of 

a8 determinod ~y the noxt-to-leading order fit i8
" M5
 

./\"M5 = 118 t 13 MeV
 

The obtained valuea for the expononts ~ t (soe .table 2) are close 

to tboae bsaed on tbe quark counting rules and Regga-pole mechaniam. 

The correaponding value Df -x. ':l./1) OF ia 

X1/DOF = 111/136 

and the EMO data for the range 0.3 L. X ~ 0.8 are desoribed by 

this non-ainglet f1t on 1.1% oonfidenco level. 

The mean vslue of A ~s ia different from that obtained by 
the EMC analysia /2/& 

+55 
/\ MS =105 -l45 

but in one atandard deviat10n theae values are in agreement. Note 

that unlike ref. /2/. where only the fLr scattering data were 

analysod. we ha~o involved also to tbe fit tb~ data on muon-douteron 'ICooattertng. We want to mention also tbe following property Df our 
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fit to the dota tor tho rango X > 0.3. In tbia range the atruc
(P\ li,.C\lr-! .... Srol ~I s I ture funotion F:L ()(. 0.1 ) bOD the fortnJ ~ ÕÕ i, e:J.·1 +1~I +1-d o e r-!i/l\ r-! r-! 

o o. NLO NLO~ :Z~1. ~ 
o 

o. <P' .~ 1i . 1..;..... r-! r-! I FtJ,(><IG1 ) :: i..)( 11 V ()( I Q2 ) + 1..)( dv ()( I Q ) • (20)11 f~I 
C\IC\l r-! r-! r-! I o o o o 2. q 9"-"1 -., 

rol 

111\ > CD o 
Ô Ô Ó'lI +1+1 +1 c.ll Taking into aooount the oum ruleo (14) for the valence diotribut1onat" co0\ C)"~ I·~Io Z C)I a ~ I (VI~o;:.:.i ~ .... Ó

0\ "'I.... Õ o '1L v and d. v' the atruoture funotion F.1. (x I Q..'l.) determined .. I!IQ 
NU &.li ~I s o s si s. by thio fit aatiafiea for any a2-

the following oonditionlif........• eIDI
 .0· ó f1.1 ~I r ~IID '2 o ~I et' co.c:l ,a-.t, 8 0\ 0\ 1J. (I'l!-h. o·.... ~/ 
o S-1 ç:L (>< I Q~) = 1. .rol o: &d' t~ Ã . 

(21 )
N r-! o (\») U.o o s s o~ ll-~ 

N 

11) Ó _ Õ..p This is not true for the structure funct10n ç:lo ()( I a.2') wh1ch haal i,o.... ilti i~~ t"...0
N ~I I 0\c::l ..::r ~ 0'1 been uBed in ref./2/.• s

..; ÕU li ~ Óo 
CP .... 

r-! o co ~ I The data for tbe whole X range were alao onalyaed in the~::a: 
C"'\:so '-' + 1 +'1 ':f! I

cG r-! C"'\ r-! next-to-leading order QCD. At low ~ the BeB cannot be negleoted.
~ ..p 1 '" .CJ as I;;:J o~. oi 

r-!"ti "ti , I N To eliminate oomplicationa eaaocieted with the charID tbreabold ato 
ID tIO 
~ ~ , I - I ~ .... 

r-! 
C\l 

amall X tbe range 0.02 L X ~ 0.01 boa been exoluded 
ÕII ~ I "'I ri.'N ~ z 1<' I· 1 I ~I 
o 

+1 I 
from the date analyaia. Only the loweat Q2 pointa of thia region were~ 

li) 

r-! ~! I I N ~I r-! behaviour of quark and gluon' diatri uaed to conatrain the low X
~ to-- .... C"\ rol I 'r-! C"\l C\lo N o C"'\ Cf:~ ~~.J .... rol I C"'\ -.t'co • I • butiona. Aa boa been diacussed above, for tbe ahape of the gluon..; o o 0 Õi, 'i, 01~I i, +1 +1 +1 +1 +1 +1N ..,.C"\ to- IC\ -.t diatribution tbe following aBaumption hBS been usada ~ co t-li ã C"\ C"'\I \D ~Ifi. ....3 :'g':rl 

..;

co 

o

o 

~f ~ ...; ô ..; ....n. ..4 ..; I '" :a ~ 1 
co N \O C"'\ \l A li"o 0.0 oPl:i... "'!til ~ 8 1 s s• . I . • ~I~ XG- ()( I 0 0) = Cr (4 - )( ) ..0 o 10- Õ (22 )!. J ~ ~I ~II ~I ~D ftl .:1\11 ~I ill ~I 

N 
+1 

~ fi' ~ ~, s ~ t"- NN/CO The coeffioient AG- in (22) ia fixed by~gy-momentumaum o Õ Õ 9ro I' to-- Õoo o o o.1 · . o·
I I I 

rule.0\ C\I N .... C"'\ C"'\ o o o o o o 
o OI .... ..,. NI'" 

I~ l~J ó õ Ô Ô Ó Ó Õ Õ o From the beat fit ·to the data for tbe range 0~~80
+1 +1 +·1 +1 ~I +1 +1et l ~I0\'" Nto-- l"- t--. co o~II o end r,.. i. /1)Oç. are found:~.. ~I. . ~ 

C"'\ . the following values for A MSN õl N N ..; N o N ....i I~ 
~ 

.... N rol r-! N~ ~I o o 18 o o oa I~..;.I Cf B 
o· Õ Ar:ts =o.~5 ilO MeV X,2./'DOf= 38't/1.li5.J'I D i õ i' ó õI +1 +1 +1 I +1 1I +1 +1-.t.0\ N t"'1 rol ..,. C"'\ ....\D rol \D coI~I· . . . . I

I~ r:1~ ~ IgD 00 00 o o o o Tbia mean valua of 1\ MS ia approximately three times smaller 
I I I I I 1 I ,"I 016 I 3 o -I I tban tbat determine~ ~y the next-to-leading order fit for the range 

-I...a :i z ::11:I o 
I 
I X > 0.3. However, theae valuea of AMS are in agreemsnt in 

OS'07 X ~lO·OI8'0'7X"fO·O .' ~.%."0 <]I( II ·1 two atendard error deviatione. Note that the value of X/DOf remaina 
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rather large (384/245) even if the experimental points introducing a 

large (t, fj y-~1. =40 ) contribution to X. 2. are exc Luded , We 

would like to remark that the value of thia quantity for the 

leading order fit in the'whole X range given in ref./2/ 1a even 

larger. Note alao that ,if the procedure suggeated in ref. /16/ ia 

performed and the atatiatical errora are multiplied by the scaIe 

factoI' 
5 =~ t2./(n-'\) 

(23 ) 
where' n, ia the number Df tbe experimental pointa the value of 

x2 / 1>01= becomea c Loae to uni ty wb11e the valuee of a11 ,free para

metere remain practically unchanged. 

In tables 1 and 2 the results of data anolysio for the whole 

X range are preaented t oo, The valuos of 1\ MS and the other free 

parameters are practically tbe same. However, aIthough eig~t data 

points witb a very large contribution (2: Al-t ='\06 ) in' X')" have 

baen omitted tbe value of X~/DOF Lnc reaaea , 

In tablea and 2 we give also the results of the leading order 

QCD ana1ysis ( ç: L. :: O ) Df tbe EMC cross s'ect1on data. 'l'he vaIuea 

Df the parametera determ1ned by this fit wore uaed for the calcula

F "l-Otion of tbe longitudinal structure function ~ in tbe next-to

-leading order (seo eq.(7». 

4. Summary 

'l'he EMC croae e'ection data on deep inelastio f r and rd. 
eoattering have been analysed in the next-to-Ieading order QCD app

roximation. 'l'ho free nucleon etruoturo functions were expresssd in 

terms of parton dietributions. 'l'he Burae-Gaemare method wss used to 

solve tbe qCD àquations for thêse distributions. 'l'he values of A 
and all tha free parametere connected with the parametriaation of the 

parton distributiona have been determined from a Bimultsneoue fit to 

II~
 

tbe crosa seot1on dato Dnd tho noxt-to-leodins order QCD equationa 

for the momonto of thooo diatr1butiona. 

Ao uoual. tho anolyo10 hoa been porformed in the followingregions: 
i) X > 0.3 "boro tho oontr1bution from the aea to the atruc

ture funot10no oon bo negleotod (non-oinglet fit) and 

1i) wholo X range where thia oontribution ia importante 

Por A MS nnd x,1./'D OF' the following vaãuee were found z 

X > O.~ ~ I\~r;, ~\ 11~ t 13 ~e", ttDO~ =111/ i?>G " 

1\_ - 05 + ÁO HeV x.2./DOF' =39~/.245.0.0'1 ~ X <.0.80: 
M~ - - I 

In tho 0000 )()o 0.3 the non-einglet parametriaation of F~ 

and FLo fito tho dota witb 1.1% confidenoe level. In the wbole 

X range, howovor. tho doto fit (aa in 'the ca8e of the leadinB- order 

QCD) ia not aot1afootory. Let us emphaaize (soe tablo 1) that the 

data f1t ia not 1mproved by 1nvolv1ng tbe next-to-leading order QCn 

correot10no to tho otruoture functions. Tbis, fact ia a common featu

re of-moot of tho QOD-analyaea g1ven in the literatura and probably it 

refleots tbo oxpor1montol aituation now and the preoent QCD uncertain

ties. 

Novortboloao. wo oonsider tbat an approacb accordlng to wbiob 

crooo oootion dota ore used to test tbe QCD pr ictiono for different 

deep lnelaot10 lopton-nuoleon proceSaeo bao defin e advantagea today. 

In thio o0Anootion. it 10 of intereot to perform a co bined analysie 

Df tbo f())) H:J, and ]J-(»)]2. croos aoction data. Deop te mucb 

omaller stBt1at1ce. the noutrino ocatter1ng data aro moro info ati 

ve for the dotermination of the quark diatributiono in the freo nuc

loon. 

'l'be 8utbors are grateful to I.A.Sav1n for Bupport and interost
 

in tbia work. Ono of tbe authors (D.S.) ia thankful to 'l'.Sloan who
 
l, 

I has klndly 5uppl1ed uS,.1th tbe EUO r]):2I crose aection data. 

14. 

IS 



I" 

ReferEmcee 

/1/ J.J.Aubert et aI., Phys.Lett. 123B (1983) 275. 

/2/ J.J.Aubert et aI., Nucl. Phye. B259 (1985) 189. 

/3/ J.J.Aubert et aI., Phye.Lett. 123B (198~) 115. 

/4/ M.BactS, Phys. Lett.' 78B (1978) 132; 

A.J.Buras, Rev.Mod.Phys. 52 (1980) 199. 

/5/ S.I.B11enkaya and D.BoStamenov, Bulg. Joum. of Phye. 13 

(1986) 485 and JINR preprint E2-85-380, Dubna (1985). 

/6/ S.I.B11enkaya and D.B.Stamenov, JINR prepr1nt P2-86-85, 

Dubna,(1986). 

/7/ O.O.Oallan and D.J.Grose, Phye.Rev.Lett. 22 (1969) 156. 

/8/ L.Baul1er and O.Kounnss, Nuol.Phye. B141 (1978) 423; 

J.Koda1ra and T.Vemateu, Nuol.Phye. B141 (1978) 497. 

/9/ 0.Alterell1, R.K.Ell1e and O.Martinelli, Nuc1.Phys. ~143 (1978) 

521; Nuc1.Phys. B146 (1979) 544(E). 

/10/ L.N.L1patov, Yad.Piz. 20 (1974) 181; 

G.A1tare11i and 0.Paria1, Nucl.Phya. B126 (1977) 298. 

/11/ A.J.Buraa, Nuo1.Phye. B125 (1977) 1254 

A.J.Burao and K.J.P.Gaemere, Nuol.Phye. B132 (1978) 249. 

/12/ A.Bia1as and A.J.Buras, Phye.Rev.D21 (1980) 1825. 

/13/ H.Abramow1oz et aI., Z.Phyo. 017 (1983) 283; 

P.BergemB et al., Phye.Lett.123B (1983) 269. 

/14/ E.G.Ploratoa, D.A.Roae and O.T.Saohrajda, Nuol.Phye. B129, 

(1977) 66 and Errata in Nucl.Phys. BIJ9 (1978) 545; Nuo1. 

Phya. B152 (1979) 493. ( 
/15/ W.A.Bardeen, A.J.Buras, D.W.Duke and T.Muta, Phya.Rev. [:1 

D18 (1978) 3998. 

/16/ Rewiewe of Modem Phya., April 1984, vol.56. No2, part 11. 

Reoeived by Publishing Department 
on April 24, 1987. 

]6 

5HneHbK~" C~~~ t ÇTaMeHo~ 4.~. E2-8?-287 
I<X~ aH~ml3 A8HHblX ~MC no rI1y601<9tieynpyroMY I&P- H I&~ -paCCe"HHIÓ 
c Y4eTOM nonpaBot<paAHa~HOHHblX 

H3nara~TCA pesynbTaTbl COSMeCTHoro KXA aHanHsa AaHHblX EsponeHCKoH M~OHHOH 

Konna60pallHH (EMC) no rIly60KoHeynpyrOMY ,dt2- H ,d)2 -paccenaae t Y4eTDM pa
AHa~HOHHblX nonpaSOK K CTPYKTYPHblM ~YHKllHRM HYKI10Ha. 3TH ~YHKllHH Bblpa*a~TCA 

4epe3 HMnYIlbCHble pacnpeAeIleHHA napTOHOB S HYKIl~He. ~IlA peweHHA K~A ypaBHeHHH 
AIlA napTOHHblX pacnpeAeIleHHH HcnoIlbsyeJCA MeTOA 6ypaca-reMepca. nonpaBKH 
K CTPYKTYPHblM ~YHK~HAM OT SblCWHX TBHCTOB He Y4HTblBa~TCR. KaK 6blIlO nOKasaHo t 

HX SKIlaA Hecy~ecTBeHeH B KHHeMaTH4eCKoH 06IlaCTH EMC. B OTIlH4He OT 60IlbWHHcTBa 
pa60T aH8I1HS ~POBOAHIlCA no ce4eHHAM rny60KoHeynpyroro pacceAHHA (a He no no
IlY4el-tHblM HS HHX c nOMo~blO AonOIlHHTeIlbHblX 3KCTpanOIlA~HH Hnpe,cin'õll0>KeHI-1H 3Ha~eHW' 
RM AIlA CTPYKTYPHblX ~YHKllHH). AIlA nap,aMeTpa KXA AMã nOIlY4el-'bt cJ:1eAY~~lIIe 3Ha'4e
H11IA: . a) Aim =218 ± 73 M3B AIlA HeCHHrIleTHoro axanaaa AaHHblX B 06IlaCTH lt> Ot 3 
H 6) Aüã ,,65 ± 20 M3B t eCIlIII aHaIlHS AaHHblX npOBOAIII1'ICR AnR aceã KHHeMaTH4ecKoH 
06nacnt EHC. 

Po60TB DblnOIlHeHO B fla60paTPPHH TeopeTH4ecKoH ~H3HKH OHR~. 

npenplDlf 061.eJtlOleHHOro IDICTHTYTa R.llepawx Hcc.ne.u.OS8nHA. ,ny6Ha 1987 

BtlenkQya S. I., Stamcnov 0.6. E2-87-287
 
Next-to-Laodlng Order QCO-Analysls of EMC Oeep /nelastJc
 
I&P and 1lt1 Scattarlng Data
 

Acomblnod ncxt-to-teadtng order QCD analysls of th European Muon Col
laboratlon (EMC) ~2 and I&D2 scatterlng data 15 presented. The nucleon struc-' 
~ure functlons ore g/ven In terms of parton dlstrlbutlons. The 8uras-Gaemers 
method I. uood to solve the QCD equatlons for these dlstrlb lons. The hlgher 
twlst corroctlons are not taken fnto account. As has been sho thelr con
trlbutlon to the 8tructure functfons fs negllglble, In the EMC nematlc re
glon. Unlfkc most of the papers on thfs subJect the cross sectfo data (not 
the votue 'or the structure functfons obtalned from these data by dltfonal 
extrapolotfons and assumptlons) are fltted. The followfng vaJues for he 
QCD scu le porameter AU§ are found: I} AilS-218 t73 MeV for the non-sfng t 
flt to tho dota fn the range x> 0.3 and f I} AiS -65 t 20 t1eV ff the who 
x data are fltted. 

The fnvostlgatlon has been performed at the ~aboratory of Theoretfcal
 
Physlcs t JINR.
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