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1. Introduction 
• I 

.. .• . I . 
. The progress of perturbative Quantum Chromodynainics (QCD) in the' description 

of the high energy physics 'of strong interactio~s i; considerable.-Thc QCD predictions 

• ar~ in good q~antitative agreerr{ent'with ,i great' nu~ber of dat~' 0~ lepton-hadro~- and 

\,ha~~on-liadron pro:2ess,es in a htrge kine~ati~ region (e.g: see:\ev~·ew.s [1] cind r~f~rcnces 

'there in). Despite bfthis success of QCD,:we.consider,that it)s'i.1seful and reasonable 

. to P?t th~ question: Do the p~e~·ent data .f~lly,exclvde the ,so~called fi;e,J,p~ini (FP) 
th~~ry' i:nodds f 2] ? , . . 

'/' 

We remind 'that these ~odel; are not asymptotically free. 'The effective coupling 
'I_\ , ' ' ' \ , ' . • , , I ' • J ! • 1 ', • ' ' i ,, •~ • 

consta~t a,( Q2
) approaches,for Q2 ,-:+ 'oo a constant value Oo # 0 (th~ so-called 

:,,.fixed point-at whi~h the Callan- Symanzik/3-function f:J(ao) = 0 ).' Using the a~su~p~ 
tion that a0 is smail 6ne ~~n mak~ !predictio.ns for the physical quant.ities..1n th~/ high 

' ,' :-·' ,· ,' ' '' ' ' ' ' ·'' ' 1 ' , \ ' ' 
energy region, as welLas in QCD, arid confront them to the experimental data.: Such·' 

,a test of'FP, theory rrlod~ls has beeh,made'[3; 4] by.using .the data of deep in~lastic 

' lept;n-nu~lcon eiperiment~ ~tarted by the S:D.AC-MIT group [5] at the end pf the sixties.· 
and ;erformed ·in seventies [6]: It :i,,v;;:s show~ that • •. \. · . . 

: '· ./: .·, : ' . ',;, ; • .' • , ./' • , I '.; .. • -. ' , •.' . . ,. ', • • ·\, ,, \ ., • 

, • i) the predictions of th~ FP theory'models with scalar and non- colored {Abelfon} 

~vector gluo~s do n~t ag-;e~ with the data·. . . . 

· ii) th~ data cann~(distinguish between,differentforms of scaling vi~lation'.predicted 

by QCD and the so-called Fixed point'QCD (FP-QCD); a theory with colored vect~r 
• ' ' • ' • ' ' , • •• ' - ,, ,- ~ > I 

gluons, in which the effective c~upling constant a,(Q2
) does_ not vanish when Q2 t~nds · 

to i~finity. · ·· , 

I ··•· We ,think thereare two r~~sons t~ di~cuss again the prediction~ of FP-QCD. First 

· - 'of all, the;e are eviden'ces from th~ n6n-perturbati~e l~ttice c~lcufations. [7] th~t the /3- •, , 
, function iri ,QCD vanishes at a nonzero coupling a 0 that is sm~ll. (We r,emir{d that . 
• • • ,: ,~ ', a a T •• ,- ' ' ' • • • ~, : 0 0 ' '. ':• r • ' 0 • • > 0 

, the structure of. the (3-function can be studied only by non-perturbative methods.) Sec-

ondly,.in th~\ast year~ the accura~y arid the kinematfoiegi~n of deep inelastkscatteri~~ 

· · '· data became large enough, which makes us hope tha(discri~ination betw~~ QCD ~d 
FP-QCD could be ·performel ' · · · '· ', : · , " ' 

a • !, - . ' . ·. ' r. 

'I~this paper, we p~esent a leadingorde~ Fixed point ~CD ~alysis ofthe CCF'R ~ata ' 

[8] .. They are m:ost precise'dat~ for the structure f~nctio~ xF3(x,Q2). This structure. . . ·,. -. ·-.~ ', ' \ . . . . ; ' . . . : . ' - ~·: < _·, . . . ', 
function is pure non~singlet and the results of analysis are independent of .the assump-
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tion/on the shape of gluo~s .. To analyze the data the method [9] of reconstruction of' . 
. ' .,-,-·, ·: ,·, . ' ; ' ·. \' - ··, . . ' ' . . . . -

the stru~ture function~ from their 1fellin ~oments .is used. Thi.s method is based, on t,he _ 

Jacobi - polynomial expansion (10] of the structure functions. In (11] this method has 
• • • • \ .. 1 • • • • • , ,- • • ~ • { . , I • • ' - • ' - • I 

been-already applied to the QCD ·analysis of the CCFR data. 
'. : . . . ( •. 

2. Method and -Res~lts ~f Analysis 
-\ 

Let us st~t with the basic formulas need~d for our analysis. 
, • ' . . . ' '/> 

, The Mellin ~o~ents of the strud~re functio~ xF3(~;.<;J2) · are defined as: 

' \, ' 
M;/~(Q~) l 11

~dxxn-2xF3(x,(J 2 ) , ·-

, , 0. ; ' i 

(1) 
• ' ' \ 'I 'r. 

where. n = 2,3,4, .:: .. 
;'. 

- in FP-QCDthe · Q2 evolution of the non-singlet m~ments at large 
., > • i. / 

(42 • is given by/ ·• 

•' · " ' . ,.' t·NS 

Mf.8 (Q~~ ~ M;."s(Q~) [~~r:~ <~•> , t,· 
• .. 't· '.. 'j \ . 

where the,anomalou~ dimensions 7;!8 ar~ determi~ed by its fixt;d point .value 
, /: 1_.· • ·, ----_: ·-·: • / ..... • ,"• . ._: ·- •• ,: : :·. ·:_-~--~ \ • 

,, , :.,Ns(a.') _ 0 0,..,(o)NS -t- (0 0)2,y(l)Ns +.. t' 
1.n • .o -_ 4,r tn. , 4ir .,n· , ·•:·, -

' and 

_,_, 

\'' 

, < 8 .• ·2. , . n 1 .•, 
. (O)NS_ -(1- __ +4 ~-:-]. 
'Yn · '":- 3 ·' n(n'+l)· ~ ~J ,,, 

i·/. 

\ ,' 
(4) 

' - .' , . . . . 0 NS , · ; NS . . . , . ·' . ' < :. : . ' : ., . , 

/ - . 

( 

· ·Then dependence of 'Yi l , .'Yi l ; etc. is exactly the same as in QCD. However, · 

'the Q2
• behaviourof th~ monient's is different. fo ccintrJt to QCD, the Bjcirkeri scaling 

for the moments of the ~tructui~ .frinctio~s is .broken by power~ in. Q2 . · 

In the LO app~oximatlo~ of FP~QCD ~e have for the moments of xFa(x, Q2): 
I.. , , ", ' , ,.... -, . . , " . 

M;.';(Q2)= JJ;/;(Q~) [ ~~] ~d~s 

·-: ~here 
. _ dNS =,ci:o ,.,(O)NS .· 

. . . "I. n , .· 4ir tn. , 

and' ao is a .free parameter, to be determined from experime~t . 
' . . .. . ~ . 

/.·' 

\ 
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Having in hand th~ moments (5) and following the method (9, 10], w~ can write.the 

structure. function· iF3 · iri the f&m: · 

. · . '! . . ··Nma:r, , · n ._ .1 \·_, • ··, ·· , • 

, xFtm~•(x,Q2
) =.x"(l - x)i3 L 0~·/l(x) L ct>(o.,,8)~1J:.f(Q2

) ,, (7) 
: / ·n=o ;=o , -1 

,
1 
where 0~1l( :i:) is a: set of Jacobi pblynomials and c'J( a.,/3) are coeffici~nts of the sedes 

- of. 0°,ll(x). in powers in x: 1 ' · ' · · ''. 
n • , , ' \ • 

0. <>,ll(i) ·;,,; ~ /n\<i {J)xi :' 
n, ·' L..,;,J ,,. ' ·-. 

(7 

. (8) ' 
i=O 1·,' 

Nmax, a.\ ~nd •. '/3·,· have.,to bi/chose~ w· as to'.achieve \he fa~test ;onvergen~~ of•. 

the series in the r.h.s. · of.Eq.(7) and to reccinstnict, xP3 with the accuracy required: 
• " • •· • ' • • o I ,. • .. '' . • . , ' \ 

. FoUowirig the results of [9] we use o. = 0.12, /3 = 2.0 and. Nmai = 12. These numbers · 
guarantee accura~y better than 

1

10-:~ . , .. • ·. - , 
.,. . •. ,\, -

' I 

Finally we h~ve top~ramefrize the' structure fu~~tiori. xA at some fix~d value of 
. Q2 =/Qi . Follo;i~g [11], ~here a~alysi~ of the sa~ne' data isdo~e in the framew~rk ~f . 
QCD, ~e chiose ~FJ(x,Q2) in the simplestfor~:'

1 
• • •· '\ ·• ·•· 

' - . . ' \.:. ' \ . , ' 

, ;i;}'.'3(x,Q~f= :4x8 (l-: xf .. •,!.,: (9). 

, The parameters: A, Be ind c\~ Eq. (9) and the ,FP-QCD pa:ameter', a'0 • are free 
• - • ' •,' ·,' ' ' • '.. ' - ; • ·; , i' • ' • '. ' ' \ • .,, , • '.' ~ ·1 ' '-

parameters which are determined by the fit to the data. 
I •• ' c , r. ' _1" ,; ', . ~, ' ' ! \ ' ' ' ' \ ' ' '·, ";' :' ' 

0

To avoid the i~fluerice of higher-;iwist effe~ti and. the tar'g~t mas~ corr~ctioris, we ha~~ 

. us~d only the experi~~~t~l points i~ th~ pian~ (~, Q2
) :with 10 < Q~ :S 501 (GeV/c)2 . 

; . ,·, I ·• '., 1 'c, ,; f • ", •l' i ,,, , ' , , · ·< 

This. sut co~responds to .tJ1e following X range: 0,015 ,:S X :S 0.65 .. 
. ,/ . '.I ' . 

, - .. ' "·: .. '', ,' ' i - . ' . . ' . ·\ ~ ' -. ' . ,:•, ·, 
' The results of the fit are presented in Table l'. In all fits only ~tatistical errors are 

) •' -..., > ' '. ~ ' ." '. ',. :. • • •• : - 1_-: .. -- . _·' . '·, . ,• . ,._. . \ , ' / .· :: > 

taken into 11;cco11nt: It is. seen from· th~ Table that th:e 'vahies of a~ , and x};. a~e not 

.. ,, ''sensith;e-to .the pci.rticular choice of Q~ .· This is an i'ndicati~n ·of 'the~t~b-ility' and the. 
. s~lf_::~onsiste~c~ of the meth~d :used. · . . , . . 

.\ ih~values. o; ~~-f- 'pre;ented iri 'Table L~r.~ sli?htly ~~.aller than. those obt~in~d' .·. 

in the LO QCD:analysis (11] of.the CCFR data and indicate i gocid des~ription of the , \ 

.. ·.· data. :'The 'v~lti~s oftl~; parameters A, B 'and C are ill' agre~ri{ent ~itl1 the r~sul:ts of' , 
"'\ . ' . , : ,' t ' . . '. , ,'' ' ,' ' ,· >:,., ·'' ; >, • ,

1
' , < '_·,,. I . '. I ,,' ''. ,·.·,_;,_' 

(11).' > , · · , .. / •, ·' ·' · · 
I 
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.. Qi 
(GeV/c)2 

3 

10 -

20 I' 
50 

100 

\ 

xl1. Oo 

~ 

82.2/~1 .198±.009 

82.9/61. <198±.009 

83.5/6l '; 198:±:.009 

84.5/61 .198±.009 

85.3/61 · .198±:009 
I 

/ 

A . B_ c·· GLS. 
sum.rule . 

6.50±.18 .768±.013 3.44±.04 2.539±.111 

5'.93±.15 :722±.012 3.56±.034 2.564±.106 

5.62±.15 .696±.012 3.64±.032 2.580±.111 

5:24±.14 .663±.012 3.73±,031 2.605±:115 

4.96±,13 .638£012 3.80±.029 2.626±:117 

Table 1. The results ~f the LO FP-QCD fit to the CCFR xF3 data:for,f = 4. 
' ' ' .... , . '- ~ ' 

. ·x~.f- is the x2-parameter normalized t? the·d~gree of freedom d.f. 
' ' ·, . . . ',. . . 'I ' ' ' ,;~.- ' ·,, ·., . . . . , . , 

Previous estimations (4) of the FP-QCD parameter . _Oo based on the anal):sis of 

. SLAC deep ln~lastic electron~protori data provide a large region for possible ~ahies of 
-~- ·ao·-:. '· . _. . : . . ,. . . . . . . ·. . "· . 

\· 

( 
0.1 < Oo < 0.4 : (10). 

. Now o 0 is deter~inedJr~~ theCCFR data with a gooi acc~racy in the abov~· 
,,,, • : I . T ...... • 

interval:_ .· ;: , . 

Oo = 0.198 :f: 0.009 . 

· , The value of the Gross-Llewellyn S~ith (GLS) sum rule has.been· calciilated· at 
di:ffere~t valiies of:·•Qf

1 
as the'first moment ~f xFJ(x,Q~) ', .: I ' .··· • . \ ' .. 

" ' >' ' • ' ' - • -

1,\ ·;-

· i;~;(Q2)~ f dx A(<i;x~<Qi1u·--x)°<CJi1· 
\' ,,·~ · -Jo{ x ? , ,"··. ,_: ,·\, 

. ,,_ •• , - __ - 1· "' , .·,,. ,: '. '·'- - ~- .• · .·• .•• ,, • ·, • , ... !· :-, •.· 

with an,accuracy about 4%. These values (see Table 1) are"in good agreement with LO . 
QC°i:/resultsof(ll]. . . , . . . . . . . , .· . 
- ' .· ,,, ' ( 

3. Summary. (' 

.. The CCFR deep inelasti~ riucleon scattering data have been analyzl:d in the frame­

work of the Fixed point QCD. It was.demonstrated that the data for _the ~~clean structure 

fun~tio~ 'xFJ( x, (}2). are i~ ~o~d .agreedieni with the LO predictions of this theory model ... 

.•• uslng the a:ssumption thi the fixed p~int c~upling Oo. is ~mall. In ~~ritrast to 'the results·.· 

of the fits to the previous gene;ations of d~ep irielasti
0

c lepton-nucleon exp~~iment~;the 

· value of this con~t~rit wa:s deter~in~d with a 
0

good ac~ur~cy: . o0 = 0.198 ± 0.009 '. This .. f . . . . . . - . . \ ·; ·." . . ; ' 1_ - • , •••• - •• , .' ~ • : ~ ., • 

· value of o0 is consistent with the assumption1that o0 is small. · · · 
. I 
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In co~clusion, we find that the CC_FR data, th~ most precise data on deep inelastic 

scattering at present, do not eliminate· the. FP-QCD _and therefore other. tests have·. to 

be ~adein order t~ disting~ish betw~en'QCD ~nd FP-QCD: . 1 ' { ~ ... . 
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