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Ir a previous letter, we have reported on a high statistics mea~
surement of the rucleon structure function Fz(x,Q ) at large x and
Q2 in deep inelastic scatteringof muons onacerbon 1 + Deviations
from Bjorken scaling are clearly cbserved in these dats,. Here we com-
pare the measured scaling violations to predictioms of perturbative
Quantum Chromodynamice {QCD).

In this theory, the Q2 evolution of quark and gluon distributions
is demcribed by the Altarelli~Parisi equations +« The evolution equa-
tion for the structure function Fz(x,Q2) can be written as

dF‘z(x.G?')_ O(S(Qz}
din@r = 2%

where xﬁ(x,QZ} is the gluon momentum distribution, P, and P, are
QCD splitting ﬂxutiona/3/, £ 1a the number of effective flavo&rs,
and ey are the quark charges. The strong coupling constant ds is
given in next-to-leading oxder by
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where f?o = 11 - 2/3f, f?T = 102 - 38/3f, and f\ is the masa scale pa-
rameter of QCD/4/. Estimates of the gluon distribution from neutrin
and from muon scatteriug/7’8/ indicate that it is a rapidly decreasing
function of x and cen be neglected to a good spproximation for
x>»0.3. In this region, equ.(1) is then simplified to the flavour non-
ginglet expreseion
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Alternatively, the Qz evelution of the siructure functioms can be ex-
pressed throuﬁh the Q2 dependence of their momentslS/.

Our data 1 are well suited for a precise test of the evolution
equations, "Higher twist" contributions to P2 from quark-quark inter-
actions which are not described by equ.(1) e expected to vary like
power series in 1/Q2 /9/ snd are therefore unimportant due to the
large Q2 of the data (Q2> 25 GeVz). Furthermore, the data extendupto
x = 0,75, thus requiring only little extrapolation to calculate the
evolution integzrals,

Several numerical methode have been developed to fit the predic-
tions of the evelution equations to the experimental data, We have
mainly employed two methods which have been developed within our colla-
boration. They allow to use the singlet and the nonsinglet form of the



evolution equations, both in a leading order (IO} perturbation expan-
gion and in a next-to-leading order expansion in the M5 renormaliza-
tion acheme, The first of these 10 is based on an expan sion of the
gtructure functions into Jacobi polynomials with coefficients given

by linear combirations of the QCD momente. In this method, most compu-
tations are analytic thus requiring only modest computing time. The gecond
method’ﬂ/uses a numericel evaluation of the evolution equations which does
not meke any assumptions about the analytic behaviour of the 02 evo-
lution of Fz(x,Qz) or of the integration kermels, This is conceptual-
1y the most direct approach but is normally considered impractical
gince it is expensive in computing time. This difficulty was overcome
by vectorizing in Q2 the integratione in equ., (1) and performing the
analysis on a fast vector processor, We have also used the programs by
Gonkales-Arroyo, Lépesz, and Yndurain“zl, by Abbott, Atwood, and Bar-
nett/13/, and by Furmanski and Petronzio 14 . /

The experimental data shown in Fig. 1 of Ref. wére uged for
the fits. Points with y< 0.2 were excluded to reduce the sensitivity

to spectrometer calibrati-

—
~

< - 0275 on uncertainties. This cut
51 e, removes 9 data points at
R large x and small Q2
B o S T

out of a total of 166
points, No correction was

1w mw applied for Permi motion.

w02k Pig.1. Next-to~-leading
order QCD fit in the
noneinglet approximaeti-
';on, corresponding to
A 3z = 230 MeV, super-
imposed to the experi~
Q° (Gev’'}  mental F, data.




The results of flavour nonsinglet fits are summarized in the
Table.

Table, Results of nonsinglet QCL fits to I,(x,Q%)
Program ALo x2/DOF ARTS x*/DOF
{MeV) (MeV)

BCDMS [14] 226422 C174ns2 231420 | 175/152
BCDMS [11] 215420 174/150 235520 178/150
Gonziles- ’ )
Arroyo et al. [12} 220%20 178/151 220+20 1807151
Abbott et al. [13] 224220 1907151 233420 198/151
Furmanski- 225+25 178/152 270+ 25 1817152
Petronzio [14] .

They were obtained using R = 6’1'/6',1, = RQCD and assuming f = 4 fla-
vours, With the exception of the method of ref./14. we remark the ex-
cellent agreement between the values of /A obtained with different
programs and the small differences between the leading and next-te-
-leadin51?7der fits, The next-to-leading order fit with ocur second
program is puperimposed to the experimental data in Fig.1., Fits
to the data evaluated with R=0 instead of RQCD/1/ increase /A by 15
MeV and give a elightly larger xz.

To evaluate & systematic error on A 4 the individual systematic
uncertainties on F2 were added to the data points and the fits re-
peated. Thie wag done for each contribution to the systematic errors
in turn end the resulting changes in A were combimed in quadrature.
The final systematic error of‘A[\ = 60 MeV is dominated by the 1%
uncertainty on the relative normalization between data taken at the
three different beam energies.

Our best estimate for the QCD mess scale parameter 18 the ave-
rage value of the nonasinglet fits with methods/1o‘13/

N = 230 1 20 (stat.) ¥ 60 (syst.) MeV ,
Thie corresponde to a strong coupling constant st next-to-leading or-
der of
A g = 0.160 2 0,003 (stat.) ¥ 0,010 (eyst.)
at Q% = 100 Gev2,
It is important to remark that this numericsl value of oCs de=
pends only slightly on the conventicnal hypothesis of 4 flavours. Cn



the contrary, the value of /N determined from the fit depends strong-
1y on this choice. The assumption of 5 flavours yields /\ﬁ3= 160 MeV.

Results on j\ from deep inelastic muon scattering experiments
on iron targets have been presented earlier by the BFF and EMC colla-
borations. The BFP group/15/ finds Amz 230 * 40 ¥ 80 MeV from a lea-
ding order singlet fit to their F2 data, The EMC result’slfrom a
nonsinglet £it for x20,35 is A= 115 0 1'2(5) MeV.

A global QCD fit to F2(x,Q ) does not, however, constitute a
gensitive test of Quantum Chromodynamics. The xz of such a fit des-
cribes also its agreement with the x dependence of F2 which is not
predicted by the theory. A more stringent test is obtained by compa-
ring the x dependence of the scaling violations observed in the da-
ta to the one expected from the QCD evolution. This is the only spe-
cific prediction of perturbative QCD for deep inelastic scattering
which can be tested experimentally., In the nonsinglet approximation,
this comparison dependa on A as the only free parameter whereas for
singlet fits it is also sensitive to the gluon distribution. The non-
singlet case is shown in Fig. 2a where the logarithmlc derivativen
dlnF2(x,Q2)/dln02 are compared to the next-to-leading order predic-
tion for gz = 230 MeV.

The logarithmic derivatives in Fig. 2 are the slope parametere
of staight line fite 1InF, = a » an2 + b to the data, To calculate
the theoretical predictions shown in ihe same figure, the result of
the QCD fit Fé wag assigned at each (x,Q2) point the statisti-
cal error of the corresponding experimental F2. The logarithmic de-
rivatives dlnF2 /dan2 were then obtained by the same straight line
fit as for the experimental data, Within the errors, this linear re-
presentation is an excellent approximation of both the experimental
end the predicted Q2 evolution., The measured x dependence of the
scaling violations in Fig.2a is in full agreement with the predicted
curve within statistical errors (x?/DOF = 4,6/5). This Bhows that our
determination of A is based on a very good overall description of the
data by QCD.

We have also performed flavour singlet fits to gur data, imposing
a gluon distribdution xG(x,Q2) = '/,( + 1)-(1 - )T st Q2= 25 Geve
snd fitting A w for fixed values of ¥ . As an example, the =ing-
let prediction corresponding to the fit for ] = 7 is also shown in
Fig.Pa, Results for [\'ﬁé from these fiis and the corresponding 12'5
from the comparison of measured and predicted scaling violations are
gshown as a function of 4 in Fig.3. It ie clearly seen that the sing-
let temms do not improve the quality of the fite and that a soft gluon
distribution is favoured by the data. Prom statistical errors, we find
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a lower limit of =7 at Q% = 25 Geve (90% confidence level). This
corresponds to a limit of wm= 6 at QE =5 GeVz.

b —————— = = Fig.2. (a) Scaling violations cbserved
in this experiment, expresged as loga-
| ritmmic derivatives dlnF,(x,a%)/a1nd%
The errors are statistical only. The

s0lid lines are nonsinglet QCD pre-

dictions for A)I‘f 230 MeV correspon=-
ding to our fit (X°/DOF = 4.6/5), and

|
<
~

<
~ B I ——— for two other values of A . The dashed
=l b= . T T line corresponds to the singlet fit
i: ’ for a gluon distribution xG(x,Q%) =
P \\ 4 =4+ 0 -x7 at @2 = 25 gev®, giving
h Qg = 252 Mev.

ol i ] (b) As Fig.2a, for the muc’®/

b} EMC (ran) + data on iren for Q2> 10 GeVe. The so-

lid line repregents a nexi-to-leading
order QCD fit giving A i = 91 MeV
and a xZ/DOF = 65.9/4.

$ (¢) As Fig. 2b, for the BFp/17
21 1 data on iren for Q2> 10 GeVe. The QCD
}

£it here gives Aﬁ's = 167 MeV and a
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-0 1 x3/poF = 14.2/4. The arrow indicates
¢} BFP (irgn)

the upper error bar of the data point
ol L | st x = 0.65(d1nF,/d1ng® = -0.667 *
o 92 o« 06 98 10 % g.410),

We have done the same nonsinglet analysie for the EMC/B/ and
8#p/ 15/ iron data for Q2> 10 cev® (Figs. &b and 2c¢), This comparison
is incomplete because it does not include the sysiematic errors of the
experimental slope parsmeters which we are unable to evaluate. Howeven
it is clearly seen that the EMC data are in statistical disagreement
with the QCD prediction. The value of /A determined from these dats
depends therefore strongly om the x range included in the fit. In-
creasing further the minimum " Q2 to puppress pogsible higher twist
effects increases the value of /A but does not improve the agreement
with the QCD predictions. Por the BFF data, the agreement is better
but the etetistical errors are large in the region x> 0.25 where the
nonsinglet approximation applies.



300
i Pig.3. Results for A
(closed points, left-hand
scale) of flavour singlet
fits with the method of

7 ref./11/ to Fz(x,QE) as

- 10 a function of the power

# of a gluon momentum
digtridution

x6(x) = 1y + DO =0T
\ j The open pointe sgow the

B “o corresponding X © (right-
00 ~en 45 -hand scale) for the com-
L O i parison of measured and
predicted scaling viola-
tions., The horizontal
lines are the resulta of

T the nonsinglet fits dig-
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In conclugion, we find that the scaling viclations observed in
our high statistics measurement of the nucleon structure function
Fz(x,Qz) at Q2> 25 GeVe are in excellent agreement with predictions
of perturbative QCD, In the range 0.275€x<£0.75 the data are well
described by & flavour nonsinglet approximation and therefore favour
8 goft gluon distribution. From next to leading order fite, we find
8 strong coupling constant o = 0.160 £ 0.003(stat.) ¥ 0.010(syst.)
at Q% = 100 GevZ,
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Beusenyrs A.C. u Op. E1-87-699
IlpoBepxa KXII u onpepmenenne A M3 HapyueHHA

CKeHIHHra B HYKIOHHOH CTPYKTYPHOH (VHKIIHH

F2(x,Q®) mpm BbCOKHX Q

IlpoBeneHo cpaBHeHMe C npelcKasaHusaMH neprTypfatubBHoil KXII
HapyleHHA CKeHIHHra B HYKJOHHOM CTDYKTYPHOH (VHKIHH
Fz(x,Qz), H3IMEePeHHOH ¢ BHCOKOH CTATHCTHKON B IIyfoKOHEYODY-
oM pacCesHHMH MWOHOB Ha yINepolHOH MumeHH.HaGmomeno npe-
KpacHoe coIllacHe OgaHHBIX BO BCeH of0macTH H3IMeDEeHHHX IIepeMeH-
HBIX X H Q2 C YHCNEeHHBHIMH DelleHHAMH IBOMWIHOHHEX YpaBHeHHH
Anprapenu~llapuau.B HeCHHIIICTHOM IDHOIMXEHHH B CAeOVIIEM II0-
pAoKe K JHOHpYomeMy onpegelieH MacmrafHemi nmapaMeTrp KXJJ

f75 = 230420 ferar./ + 60 fcuct./ MaB. CHHrIeTHHEI duT mai—
HEIX [PeAncunTaeT MACKOoe IMNOHHOE pacClpefeNeHHe.

[penpuut Ob61enuHeHHOro MHCTHTYTA ANEPHBIX HoceaoBaHMi, JyGaa 1987

Benvenuti A.C. et al. E1-87-699
Test of QCD and a Measurement of A from

Scaling Violations in the Nucleon Structure

Function Fz(x, Q%) at High Q*

Scaling violations in the nucleon structure function
Fa(x, Q%) measured with high statistics in deep inmelastic
scattering of muons on a carbon target are compared to
predictions of perturbative QCD. Excellent agreement is
observed with numerical solutions of the Altarelli-Pari-
si evolution equations over the entire x and Q*® range of
the data.In a next-to-leading order nonsinglet approxima-—
tion, the QCD mass scale parameter fy is determined to
be 230+20 (stat.) % 60 (syst.) MeV, A singlet fit to the
data favours a soft gluon distribution.
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