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1. Introduction 

Th~ success of perturbative Quantu~ Chromoayri~mics (QCD)in the 

description of the-higli ~nergy physics. of stro~g i~te.ractions is consider~ 
able._ '[he QCD predicti~ris a:r;; ·iii goo~ ~uantita:tive agreerrwnt ~ith a 

great number of data on lepta'n-hadrori and hadron-hadron processes in a: 

large kinematic n!gion (e.g. s~ereviews l~J and refer~nc~s therein): D~spit~ . 

this su~cess of QCD, ~e consider that it is us~furand reasoiutbl~. to put the· 

. question:· ·Do the present ;d~ta fully exclude the so~~ailed ftxed poi,;t· (FP) 
_ theory -IIl~dels. (2] ?.: . - . - . 

We remi11d that these'models are ~ot asymptoticallY free. The ~ffective 
coupling co~stant o.(Q2 ) appro~chesa.co~starit vahie Q~ i 0 as Q2 -+ 

·oo (the so~~alled fixed poi~t at ~hich'~the Callan- Symanzik P-function 

f3(a0 ) = 0 ): Using the assu.mption that a 0 is·s~a-U, one can· mak~ 
prediCtions 'forthe physical qua~tities in.the high energy .region, a.slike in . 

• ··. • . . •..• "j ' - • . • . • 

. QCD1 and confront th~m to the exp~riment~ldata. This test ofFP theory 

·_models has been made'(3, 4] ~y using.the data.'of.deep:!nelastic.lepton

nucleo'n experiments' start~d by .the SLAC-MIT group (5] at the end of the 

sixties'and peff~rmedin theseventie; (6] .. It was shown th~( .'. 
. i).the predi~tions of the FP th~dty'lnodels ~ith scal~r anq ·non- colo_red 

(Abelian) ve~tor.gluoris do not ~~ree with the .data _ _ 

ii) the-data.' can~ot distinguish between difr~re~tf'or~s of scaling viola~ 
tion p~edicte<f by QCD a1_1dthe so-call~d Fixed p~int QCD (FP:QCD),a 

theory with tolo'red.vector gluons, in which the effective coupling constant 

a.(Q2 ) does not ~~~ish when Q2 tends to infinity. - . 

We think there'aretwo reasons to discuss again the predictions of FP
QCD. First ofall, there is the evid~ncefrom the no~-perturbative lattice 

calcufations (7] th~t th~ {3-. fun,ction in QCD. vanishes·at a :nonzero co.u-\ 

piing ao-- that is sinan: (Note th~t the structure of t!!e {3-fu~~~io_11 can be 

studied only by n?n-perturbative ~ethods.) Secondly, in the last years the 
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accuracy and the kinematic region of deep inelastic scattering data became 

large enough, which makes us hope that.discrimillatio~ betw~ell' QCD.and 
t •. ' ' 

I:P-QCD could be performed. 

Recently we have analyzed the CCFR de~p irielistic neutrin<:-nucleon 

scatte~ing data (8] in the framework of the Fixed point QCD. It was demon

strated (9] that the data· for the nucleon structure function xF3 (x, Q2
) ·are 

in good agreement with' the 10 pn!dictions of this theory model using the 

assumption that the {3 fun~ti~n has a .first-order'ultraviolet zero (fixed 

point) at small a = ~0 • · __ . 

Having in mind that up to nowthe structure of the fixed point theory 

is.not well known, it seems to us to be useful to make predictions for the. 

physical quantities studying the different hypotheses about the- {3 fu~ction 
behaviour near its fi~ed point a 0 and c~nfront them to the data. 

In this letter, we present a leading-order Fixed point QCD analysis of 

the CCFR data [8] in which an expression for ·xF3(x, Q2
) based on the 

assumption that. the Callan-Symanzik {3 function; has a second-order ul

. traviolet zero at a.= a 0 is used~ We remind thati the' struCture function 
; , , \ . : - :n"'f. - ; · .... : . , 

xF3 is a pure non singlet and the results of the analysis are independent 

of the assumption on the shape of gluons. As in a previous analysis the 

method [10] of reconstruction of the structure functions from their Mellin 

moments is used. This method is based?~ the Jacobi- polynomi~l'~xpan
sion (11] of the structure functions. In [12] this method has been already 

applied to the QCD analysis of the CCFR data. ;., .. 
l . . 

2. Method and Results of Analysis. 

. Let us start with the basic formul~ needed for ~~r· an~lysis. 
• ) • •, • 1_ : •">< ",! " , , > e 

The Mellin mo!llents. of the structure function x;f3 (x, Q2
) ar~ d~fined 

as: 

M:s(Q2) = 11 dxxn-2xF3(:J?, Q2)' (1) 

where n = 1,2,3,4, .... 



In the case of ~P-QCD, the effective coupling constant a.,(Q2
) at large 

Q2 takes the form: 

as(Q2) = ao + f(Q2) , 

where f( Q2 ) -+ 0 when Q2 -+ oo • 

(2) 

Let us assume that a 0 is a second-order ultraviolet fixed point for the 

,8-function,. i.e. 

,B(a) = -b(a- a 0 )
2
_,; b > o·. (3) 

Then 
a8(Q~)- ao · . 

as(Q
2
) = ao + 1 + b (as(Q~)- a 0 ) ln (Q2/Q~) (4) 

and for the mo~ents of xF3 we obtain the following leading-order expres-

SIOn: 2 !.dNS -

M:s(Q2) = M:s(Q~) [~~ r n .Fn(Q2)' 
/' ,' . 

(5) 

I . ~-

where 

': 'dN 5 f2b"'o 

Fn(Q
2
)= [1+ b [a8 (Q~) ~ao} ln (Q2fQ~)l n 

(6) 

f." 

In (5) and (6) 
dNS'= ao "'(O)NS 

n 411" In 
(7) 

and 

/(o)NS= ~(1- 2 +4t ~) .. 
n 3 .· n(n + 1) i=2 j 

(8) 

Then dependence of 1io)NS is exactly the same as in QCD, if we as

sume that the Perturbative QCD ~xpansion for the anomalous dimensio~s 
~~8(a~) is valid inth~ range of small as including the fixed point ao 

too. Howev:er, the . Q2 behaviour of the moments is different because of 
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the dif£erent Q: behavi~ur of the effective coupling constant as( Q2
) in 

FP-QCD. In contrast to QCD, th~ Bjorkenscalingfor themome~ts ~f the 

structure functions is broken by powers i~ '. Q2 ., 'in ~ddition t~ the 'usual 

ln Q2 terms. In (6) and .(7L a 0 and b are parameters to be determined 

from the data. 

Having at hand the' moments (5)_a~? following,the method (10, 11}, we 

can write the structure function xF3 in the form: · 

Nmaz n 

xF:fmu(x, Q2) = x 0 (1 :_ x)II L e~·11(x)L c}n>(a,,B)Mi!~ (Q2
)' (9) 

n=O j=O ··--~· 

' . 
Where 0~~ (X) is a set of Jacobi polynomials and c'] (a, ,8) are coefficients 

' '~ ' . . 
of the series of 0~·11(x) in powers in x: , ' 

n 

0~·11(x) = l:c}n)(a,,B)xi. (10) 
j=O 

Teh quantities Nmax, a and ,8 .. have t~ he clio~e~. so as, to achieve 
. • ~' .i . • • '' i l 

the.fastest.convergence of the series in tht?. ~.h.s; pf,l!~q.,.(9),andto r~con-

strud xP3 ! with the accuracy required. Followin~ 1ther~s~lt~:?fl10L~e 
use a= 0.12;,' ,8 = 2.0, and Nmax = 12. These n_umbers·g~ara~t~~·~n 

•• i ' • ' ,: J ; ' ' l-; : l ~' , : ; 

accuracy better than w-J . 
• • '~" 'J . • :_. • '~' 

Finally, we have to parametrize the structure function _xF3 at some 

fixed value of Q2 = Q~ . :we choose .xF3 (x, Q2) . i~ th~,f~r~: 
. . 

xFJ(x, Q~) = Ax8 (1- x)c . (11) 

The parameters A, B and. C .in Eq. (11) and; the FP-QCD ~anl.meters 
I • •"·-' \! ·•~ • ' ; ~ j ' ' ~' .~ , ,> 

a 0 and b are free parameters which are d~termi~ed by the fit to the. d~ta. 
In our_analysis, the target mass corrections'(13) 'a.~e t~k~~'into ~c~~)u~t. 

To avoid the influence of higher-twist effects,.~e have used only the exper

imental points in the plane (x,_Q 2 ) with 10 < Q2
:::; 501 (GeVfc) 2 

• This 

cut corresponds to the x range: 0.015 :::; x :::; 0.65 . 
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Th.e results of the fit are presented in. Table 1. In all the fits only st,;,

tistical errors are tak~n into account. 

b 2 
X d. f. ao a.(M;}FP-QCD 

0.9 83.5/61 0.029 ± 0.014 0.123 ± 0.022 

1.0 83.3/61 .0.040 ± 0.014 . 0.126 ± 0.021 

1.1 83.1/61. 0.048 ± 0.014 . 0.128 ± 0.021 .. 
1.3 82.9/61 0.063 ± 0.013 0.133 ± 0.019 

1.5 82.6/61 . 0.074 ± 0.013 0.136 ± 0.019 

Table 1. The results of the 10 FP-QCD fit to xF3 data. 

;~,f- is the x2-p~rameter normalized to the degree 

of freedom d.f.. 

Summarizing the results in the Table one can conclude: 

1:' The values ;;f X~./ are practically the same as in the case of a 

· first::_o~de;r'tiltravioletfixed point for the (3 function [9]. They are slightly 

smailei1hah those obtained in the 10 QCD analysis [12] of the CCFR d~ta 
' by t~~ -~ame'method and indicate a good desc.ription'of the data. 

2. It is seen from the Table that a 0 increases with increasing .b . The 

·values of b , for which the asymptotic coupling a 0 is acceptable, are found 

to range in the following interval: 

0 < b ~ 1.5. (12) 

For the values of b > 1.5 , the ~~rresponding theoretical values for 

.. ~( M;) obtained by Eq. ( 4) a~~ larger th~n as(M;) determined from the 
' ' - . . 

. 1EP experimep.ts [14]: 
- ' - ~~ . . . . 

' . :~ 

' ,, a.(M;) = 0.125 ± 0.005 . ,(13) 
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" For. the values of bsmallerth~n p.9 ,(to , ,can~ot be _deterJ?inedfrom 

CCFRdata. The errors in a 0 ~~~eed th~me~n \l'~i~e~ ofthis para~~ter. 
3. The accuracy of deter~inatiqn ·of 'a0 is n~t g~od enough. The .. . ; . .. '_,; 

accuracy increases .with increasing b . . 
4. The values of a 0 = 0.029,. 0.040, 0.048 .. corresponding t~ b.= 

0.9, 1.0; 1.1 are preferable to other values of a 0 dete~mi~ed,from the 

data. 
5. The values of a.(M;) corresponding to the values of b from the 

range (12) are in a~reement within.one s~andard deviation with a.(M;) 

determined from the 1EP experiments. 
6. The values of paramet~r~ A, B and C are in ag~~e~ent 'wit{'the 

results of [9]. ~nd [12]. F~r illustration, he~e we present the~~l~es of these 

parameters at Q~ = 3 (GeVfc) 2 for b·= 1.0 : 
~ r " 

A= 7.07 ± 0.20, B = 0.865 ± 0;~13 , C = 3.43 ± 0.004 . 

They a;~ fo·~~J to :~e i~de~~n'denf of b and . ao . We h~ve fmix{d also 
• :. ·_,.,,_~,.~; '.<'_~.; ~:--.,·.·;. . :, • ~1'-... ··>· .. -.'j'l;, '. _·, :·,.--,.··:_:;·.·. -..·;, ••. ; .••. 

that mu~tiplying the r .h.s: o( (11) by term (1 +-rx). one 'cannot improve 

. the fit. "'··> . . .: . ' . ' '''"' ,;y; r ' . ., ;;: 

. " 
Summary 

The CCFR deep inelastic neutrino-nucleon scattering data have been 

analyzed in the framework of the Fixed point QCD. ,It has. _bee1,1 d~rnon
strated that the data for the nucleon structure irincti~n xF~(x, Q2

)·. are in 

; · g~od agn!ement with the 10 predictions of this quantum field theory ~odel 
usi~g the'assumption that. ao is a second-;-order'ultraviolet fiq;ed,point of 

the f3 function and a 0 is small. Some constraints on the. behaviour of . . 

the i3 . function near Oo have been found fr()ffi,the data.',The values for 

ao 
___ l 

o:·o29 ~ .~ao $ 0.048 ' • 
;,~ ~ ; i'-·:~ ~- -.. ~ ~-,t_J, 

corresponding to the f3 function parameter b in the range 

0.9 ~ b ~ 1.1 

are preferable to the other ones determined from the data. 
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'in concl~sion, takiri{also into account our p~evious results (9] in the 

case of {3 fundion with ·a fi~si::_order fixed point, we find that the CCFR 

data, the most precise d~ta oh deep inelastic ~c~ttering at present, do not 

eliminate the FP-QCD and therefore other tests h'a~e to be made in order 
_, ,. 

to distinguish between QCD and FP-QCD. 
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CH.IlOPOB A.B., Cnu-.feHOB n.E. 
Amunn AaHHblX CCFR no my6oKOHeynpyroMy pacc~HHIO I 

na nyKII(me s paMKax Kxn c «QJHKcHposauuoit TO'IKOH» 

nop}IAKa >, 

DpencTaBJJeHbJ peJyllbTaTbl ananHJa nanHbJX CCFR 11 

now cpynKui·m x£
3 

(x,Q2) sp,aMKax Kxn·c <~cpnKcHposa~n 
'npencKa3~HH}I Kxn c ct>T, B KO~OpOH y ~~cpyHKUliH Kann: 
ynbTpacpHoneTOBbJH nynb sToporo nop}IAKa s l'oti,Ke a=. 

C 3KCnepHMeHTanbHblMH JJ,aHHbJMH. DonytieHbl orpaHH 
cpyHKUHH. HMe}l B BHAY Haw npeilmii anannJ Tex )Kenan 

\ ' . . 

cnenaH· BbiBOA, 'ITO HeCMOTp}l Ha 6oni.wy10 TO'IIIOCTb H 11 

HHTepsan · (~.d) ;aHHbJX CCFR mm ne M~ryT oTnH 
OT npencKa3aHHH KXn c ct>T AJl}l CTPYKTYPIIOH cpyHKUHI 

. ·. PatSoTa BbmonneHa s n~6opa-fopnn TeopeTntiecK.owq 
sa omm. ' ' ' ' ' 

' 
. 0penpHHT0tThellHHCHHOf0 HllCntTyTaliJlCpHbiX HCCHCJl( 

_ Sidorov A.y., Stamenov:D.B. . . . . 
·Constraints on «Second-Order Fixed Point>> QCD from tl 
on Deep Inelastic Neutrino,-Nticleon Scattering · 

The results of LO fixed point QCD (FP-QCD) 

.forth~ nu~leon stru,cture function xF3 (x,Q
2

) are preSentee 

in which·the c. allan-Symanzik ~-function admits a! 
ai a= a

0 
are in good agreement ~ith. th~ data. Co 

. o,f the ~-fun~tion p-arameter b regulatin~how fast a.: (Q2 

a
0 
* 0 are found from the data. The corresponding vah 

Having in mind our recent «fi~st-6rder. fixed point>>.( 
• ~ - f • . - • 

conclude that in spite of a high precision and a I 
of the C(':FR data they cannot discriminate between ( 

' ' 2 1 
for xFj (x,Q ). . _ 

J'he . investigation·. has been performed .. at 
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