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Third-order results for the structure functions of charged-current deep-inelastic scattering are dis-
cussed. New results for 11°th Mellin moment for Fz‘j,f’_op structure functions and 12°th moment
for F3V'°_‘_’ID are presented as well as corresponding higher Mellin moments of differences between
the respective crossing-even and -odd coefficient functions. Approximations in Bjorken-x space
for these differences obtained with lowest five moments as well as consistency of new results
with these approximations are discussed. The 1/N. suppression of the differences is shown and
the correction to the Paschos-Wolfenstein relation is discussed.
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1. Introduction

Structure functions in deep-inelastic scattering (DIS) are among the most extensively measured
observables. Today the combined data from fixed-target experiments and the HERA collider spans
about four orders of magnitude in both Bjorken-x and the scale G = —q? given by the momentum
q of the exchanged electroweak gauge boson f1]. In this report | focus on the W-exchange charged-
current (CC) case, see Refs. [g, :3, :51] for recent measurements in neutrino DIS and at HERA. |
present new Mellin moments for coefficient functions in combination vp —vp and discuss the
results for differences between the corresponding crossing-even and -odd coefficient functions. |
show suppression of such differences in large 1/N; limit and discuss o correction to the Paschos-
Wolfenstein relation [5].

2. Resultsfor the CC coefficient functions and their applications

Recently the first five odd-integer moments have been computed of the third-order coeffi-
cient functions for FZY[’*V'O in charged-current DIS, together with the corresponding moments
N=2,...,10 for F3V‘°_Vp [6]. Meanwhile calculation of new results for 11°th moment for the
first and 12°th moment for the latter case has been finished. We use scale choice y = ;s = Q and
standard QCD colour factors C, = 3 and C = 4/3 throughout this paper and denote the Mellin-
N moments of corresponding coefficient functions as Co“fN, a=2,3,L. Following the formalism
outlined in [&] we find the following numerical results

01 = 1+21.01295976 & -+ a2 (722.3767644 — 51.018673751y )
+a3(29020.51723 — 4259.717409 1y + 89.53420655n 2) ,
1% = 0.44444444443, + a2 (30.42631299 — 1.781422693 1y )
+a3(2021.685213 — 266.3750306 1y + 7.082458684 1),
CI%, = 1+22.20106054a, + a2 (774.6238566 — 53.266178731y )
+a3(31152.95983 — 4483.444700 1, + 91.41515482n,2), (2.1)

where the normalized coupling constant & = os/(4x) and n; denotes the number of effectively
massless quark flavours. The results in analytical form can be found in App.A.

Unlike fixed-N calculations for the combination vp—vp, the complete three-loop results for
szl_p”p [, 8] (the o2 coefficient functions for this process are those of photon-exchange DIS, but
without the contributions of the fly; flavour classes) and F3VF>+ vP [d] facilitate analytic continua-
tions to these values of N. This continuation has been performed using the x-space expressions
and the Mellin transformation package provided with version 3 of FOrRM f10]. Thus we are in a
position to derive the respective moments of the hitherto unknown third-order contributions to the

even-odd differences which are defined as
§CoL =GP, 8 = CyP P ocyPTP, (2.2)

The signs are chosen such that the differences are always ‘even —odd’ in the moments N accessible
by the OPE, and it is understood that the dPdane part of C;P*"P [, 8] is removed before the
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difference is formed. The non-singlet quantities (2.2) have an expansion in powers of «,

§Ca =Y aloch. 2.3)
=2
There are no first-order contributions to these differences, hence the sums start at | = 2 in Eq. [2.3).
Here | present only numerical results for the differences corresponding to the Mellin moments in
Egs. (2.1) whereas the corresponding results in analytical form are shown in App.iB. The lower
Mellin moments of such differences can be found in Ref. [12]. Using the notation 8 G,y for the
N-th moment of & C5(x) the results for higher Mellin moments read

§Cp11 = —0.004083868756 & + a3 (+0.1559414787 — 0.017100530591y ) ,
§CL11 = —0.0016701750198 + a (—0.3317043993 + 0.0069390098891y ) |,
§Cs1p = —0.009709081656 2 + a3 (—0.6201718804 +0.01191844785n) . (2.4)

The new o contributions are rather large if compared to the leading second-order results also
included in Egs. (2.4) with, e.g., a = 1/50 corresponding to o ~ 0.25. On the other hand, the
integer-N differences §Cyn are entirely negligible compared to the vp+vp moments Cyy Of
Egs. (2.1) and Refs. [11, &].

To discuss the colour structure of the results | present the o part for & C,,11 with analytical
colour factor dependence

§¢)%); = 0.9495866025C; C2, — 0.4076041653C2Cra +0.07695238768C Crany . (2.5)

One notes here that result contains an overall factor Geo = Cz —C,/2 = —1/(2N;). This occur-
rence is typical for all calculated differences 6@\, Hence the third-order even-odd differences are
suppressed in the large-N; limit as conjectured, to all orders, in Refs. [13,:14]

Let us now consider consequences of the moments of the type Egs. (2.4) for the x-space func-
tions 504(,13) (x). For moment-based approximations a simple ansatz was chosen, and its free param-
eters were determined from the first five moments available in Ref. [12]. This ansatz is then varied
in order to estimate the remaining uncertainties. Finally two approximations, denoted below by A
and B, are selected which indicate the widths of the uncertainty bands. For F, these functions are,
with Lo =1InXx, X =1—xand L; = Inxq,

acgf’}\(x) — (54.4781% +304.6L1 +691.68X)x +179.14 Lo — 0.1826 L3
+1; {(20.822% — 282.1 (1 + %)) %, — (285.58x+112.3 — 3.587L3) Lo} ,

5c§’f’)B(x) = —(13.378L% +97.60L; +118.12x) x; — 91.196 L3 — 0.4644 13
+n; {(4.522L, +447.88 (1 + %)) X, + (514.02x+ 147.05+7.386 o) Lo} . (2.6)

The uncertainty band presented by Egs. (2.6) does not directly indicate the range of applicability,
since the coefficient functions enter observables only via smoothening Mellin convolutions with
non-perturbative initial distributions. As result theoretical uncertainties for physical observables
become even smaller (see Ref. [12] for details). It is worth to mention that the new Mellin moments
in Egs. (2.2) and (2.4) are consistent with the approximations based on the first five Mellin moments
only, thus confirming the reliability of the uncertainty estimates.
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The approximations (2.8) and analogue of it for 6({3) (X) can be used to determine of cor-
rections to the Paschos-Wolfenstein relations (see Ref. {12] and references therein for details and
discussion)

1 . u —d +c —s 7 . 1 .
R — = _sin2 1— L sin? L 2 .
> sin“ 6y + " 1d- { 3sm 9\N+<2 sin 9\,\,)

% [0 +1.689 02 + (3.661 4+ 0.002) o | } +O0((u+d)?) +0(a). (27
The ratio (2.7) is an expansion in os and inverse powers of the dominant isoscalar combination
u-+d-, where g = fol dx x(q(x) —q(x)) is the second Mellin moment of the valence quark
distributions. The third term in the square brackets is determined with our ¢ corrections and the
perturbation series appears reasonably well convergent although the correction in not negligible.
On the other hand, due to the small prefactor of this expansion, the new third-order term increases
the complete curved bracket in Eq. (2.7) by only about a percent, which can therefore by considered
as the new uncertainty of this quantity due to the truncation of the perturbative expansion.

3. Summary

In this report | have presented new results for 11’th Mellin moment for C* and C[*® Wilson
coefficient functions as well as 12°th moment for C}° function. | have discussed the Mellin moments
for differences between the corresponding crossing-even and -odd coefficient functions and use of
these to obtain approximations in Bjorken-x space which are ready for phenomenology applications
(see, e.g., Ref. [15]). It was shown that the differences are suppressed by the number of colours.
The third order QCD correction to the Paschos-Wolfenstein relation was obtained with help of the
approximations in Bjorken-x space. The correction was found to be small.

FoRM file of the results (App. ¥ and App. iB) can be obtained from the preprint server
http://arXiv.orghby downloading the source of this article.
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A. Appendix

In this Appendix | present the analytic expressions up to order & for the coefficient functions
C3%1, Cl®; and CJ%, at the scale iy = ur = Q. The notation follows Sec. 2 where these functions
were presented numerically in Egs. (2.1). Ca and Cg are the standard QCD colour factors, Ca = N¢
and Ce = (N2 —1)/(2Nc), and ¢ stands for Riemann’s {-function. The Wilson coefficients read

ns _
11 =
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(A.3)
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B. Appendix

Here | present the analytic expressions for the Mellin-space coefficient-function differences
602?%1 6(:@1 and 50@2 given numerically in Egs. (2.4). We use the notations and conventions as
specified in Sec. 2. The moments of this quantity are given by
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