Analysis of scaling violation in nucleon structure functions
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Some new measurements of the nucleon structure functions F, and xF; have been
carried out in an antineutrino experiment with a 15-foot bubble chamber. The
structure functions are analyzed. The scaling violation in xF; can be described by
quantum-chromodynamics effects with the scaling parameter A 575 ~0.3 GeV and
also by higher-twist effects.

PACS numbers: 13.15. — f, 14.20.Dh, 12.35.Eq

Scaling violation in the nucleon structure functions' is of interest because it pre-

sents the possibility of testing the predictions of quantum chromodynamics,” which is
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a candidate for the position of the correct theory of strong interactions.

In this letter we report an analysis of the nucleon structure functions obtained in
an experiment on deep-inelastic scattering of neutrinos (v,) and antineutrinos (v, ) by
an isoscalar target. The experiments were carried out in a 15-foot bubble chamber
filled with a neon-hydrogen mixture (64% of the atoms were Ne atoms), which was
exposed to a broad v, beam (the v, admixture was ~7%]) on the Fermilab accelerator
at a primary-proton energy of 400 GeV. The statistical base consisted of 7197 ¥, N and
1202 v, N inelastic interactions in the charged current which met the following crite-
ria: The energy of the incident neutrino {(or antineutrino) was 10 < E < 200 GeV; the
muon energy was E, >4 GeV, and the energy transfer to the hadron system was
" ¥>0.5 GeV. The experimental conditions and the data correction methods are de-
scribed in Ref. 3.

In terms of the nucleon structure functions F;, the differential cross sections for
the scattering %, N—>uX are*

=)

d*ogPu - 0.E I-] Ly Z’li L (- ) le(x 0* (}’ )xF3(x,Q )
dxdy 2E \

where 0, = G’m/m=1.58x 1073 cm?/GeV, F' =1 — 2xF,/F,, Q? is the negative
square 4-momentum transfer to the hadron system, and y = v/E and x = Q%/2mv are
the standard scaling variables. The function F, is found from the sum of the cross
sections for v, and v,,, and the function xF; is found from the difference between these
cross sections. Since we found the value R’ =0.03 + 0.12 in this experiment,® we
adopted R’ = 0. The flux densities %, required for calculating the cross sections,
were determined from the measured energy spectra of the %, NV interactions under the
assumption that the total cross sections in the charged current increase linearly with
the energy. We used slopes for the total cross sections found by taking averages over
all the data available: ¢"*/E = 0.64X 10~>® cm?*/GeV and 0 /E = 0.30X 10~ cm?/
GeV (Ref. 5).

Figure 1 shows the Q? dependence of F, and xF, in various x intervals (the
indicated errors are statistical and do not include the common error of 7% in the
absolute normalization for F, or 12% for xF;). The data from the present experiments
agree, within the errors, with the results reported by the CDHS group.® Figure 2
demonstrates the Q% dependence of the Nachtmann moments* of xF;. In calculating
these moments we took quasielastic scattering into account, using a dipole parametri-
zation of the weak nucleon form factors.’

We attempted to describe the scaling violation in the nonsinglet structure func-
tion xF, by perturbative quantum chromodynamics, using the Altarelli-Parisi evolu-
tion equation and equations for the Nachtmann moments accurate to second order in
the “running” coupling constant® ag(Q?). In using the Altarelli-Parisi equation we
made corrections for the target mass* and parametrized the boundary condition at
0,> = 10 GeV? in the form xFy(x,0%) = Cx*(1 — x)?, where C is fixed by the sum
rule* £ Fsdx = 3. For the analysis with the Altarelli-Parisi equation we used data on
xF; from the interval 0 < x < 0.7 and data on F, from the interval 0.3 <x <0.7 at Q%2

368 JETP Lett., Vol. 36, No. 8, 20 October 1982 Ammosov etal. 368



a,2 a

g1 @ =8,6-07

0.47

T

05FE z=05-06 .

a3
g2

' T LR ARAL
——
/
[/
[/
!g-o-
o

a,7

0.7
4.5

4,3
9,2

a7
1.5

8,3

, JLE=02-0 4
07 ** ¢ + +o¢o+o+o+ooo

g9

h-rrm-*h-ﬂ'rm:ﬁhﬁ-rrwn‘rrﬂ
] n
t N
| t
_‘: 5
-

b
0.4
r=06-0/7
a1
8,06 ,

:wsui - 0.5
0.1
09Fz=04-05
0.2

1.0

= -a4
04 r=0J3-0,

WO epz-0 $d 4

Z-0 H—t— _——
4
1 0EZ=01-0. g
W E;jﬁjjf

it
=1t

ib
1t

=0,1-0.2
] R + ot *io‘:m o ? 1
0.7 + T=0,0-01 g
2.0 A + 1.0 + *
~z=0,0-0,1 ¢ ¢ [ l+.* ul}
4 _ _w This expt.
La + t [ ¢ o+ + +o e This expt. g, v P
g7 + o cDHS x CIDHS
0.5 \* Lyl L Lo L \ Lo eaail | W ST | B R
4 Lty -
01 8.2 0.4 1.0 2.0 40 10.0 20.0 90.0 100.0 "oz 0.4 10 2.0 40 0.0 200 40.0 190.0

2%, Gev?

%, gev?

FIG. 1. The Q? dependence of the nucleon structure functions F, (a) and xF; (b) in various x intervals. The solid and dashed curves show the results
of a fit of the Q? dependence of the nonsinglet structure function by quantum chromodynamics and by twist-4 effects, respectively.
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FIG. 2. The Q2 dependence of the Nachtmann moments of xF;. The solid and dashed curves show the
results of fits of the individual moments by quantum chromodynamics and by twist-4 effects, respectively.

GeV2. The use of the data on F, can be justified on the basis that the quark-sea
contribution to F, is small at large values of x (Refs. 1 and 3). The scaling violation in
the Nachtmann moments of xF, was analyzed at Q*>2 GeV? with allowance for
correlations between moments. The number of active quarks was assumed to be four.

The best description of the experimental data with the Altarelli-Parisi equation
(v 2/ndf = 47/77) is found with the boundary-condition parameters a = 0.54 + 0.04
and 8= 3.1+ 0.2 and with Az =0.31 +0.13 (stat)+0 11 (syst.) GeV as the value
of the quantum-chromodynamics scaling parameter in the MS scheme.? A joint analy-
sis of the three lowest Nachtmann moments (N=3, 4, 5)MH reveals Az
= 0.28 + 0.07 (stat.) + 0.10 (syst.) GeV with y */ndf = 20/26. The systematic error in
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Ajzzs was estimated as the linear sum of the changes in Az due to the uncertainties in
the slopes of the total cross sections ( + 5%), in the normalization ( 4- 10), and in the
shape of the energy spectra of the %, N interactions; the nonlinear increase in the total
cross sections with increasing energy due to the quantum-chromodynamics effects was
also estimated.® The values given here for Az do not reflect the Fermi motion of the
nucleons. Taking these effects into account® increases the value found for Az from
the analysis based on the Altarelli-Parisi equation by ~ 60 MeV, while the value found
for Azz from the Nachtmann-moment analysis does not change. Use of the value
R ' =0.1reduces A3z by ~60 MeV in the both cases. The value A 35 = 0.3 GeV found
in this experiment agrees with the values found for Az in some recent neutrino
experiments.

From the analysis of the moments we can determine the ratio of the anomalous
dimensionalities dy /dg, which are fixed by the theory.” We find d,/d, = 0.25 + 0.25
and ds/d; = 1.69 + 0.17, in agreement with the values of 2.15 and 1.66 expected in
quantum chromodynamics with corrections of second order in ag(Q?).

The violation of scaling in our data, however, can be described not only by a
logarithmic Q2 dependence, as predicted by perturbative quantum chromodynamics,
but also the dependence o« 1/Q% expected for higher-twist effects.'® The situation is
illustrated in Figs. 1 and 2, which show the results of an analysis of the experimental
data on the sole basis of twist-4 effects. The Q2 dependence of xF; was fitted by the
expression xFy(x,Q2%) = xF,{x,Q2)X (1 + ux/(1 — x)/Q?), while M,N,0%) =Ay(1

+ 1 /Q?) is used for the Nachtmann moments. The boundary condition on xF,(x,0 3)
was chosen as before, while i, 4y, and p,, were left as adjustable parameters. Because
of the strong correlation between quantum chromodynamics and twist-4 effects, it was
not possible to determine separately their contributions to the scaling violation.
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