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Introduction

Deep-inelastic lepton-hadron scattering (e±p, e±n, νp, ν̄p, ... -
collisions)
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Gauge boson:
γ, Z0 - NC
W± - CC

Kinematic variables

momentum transferQ2 = −q2 > 0

Bjorken variablex = Q2/(2P · q)

Inelasticityy = (P · q)/(P · k)
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DIS experiments

EW unification at HERA:
neutral vs . charged current

Charged and neutral deep in-
elastic scattering cross sections
become comparable whenQ2

reaches the electroweak scale

⇐=
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Polarized charged current DIS at HERA
CC cross section modified by polarization:

σe±p
CC (Pe) = (1 ± Pe) · σ

e±p
CC (Pe = 0) Pe =

NR − NL

NR + NL

Cross section is linearly proportional to polarizationPe

Standard model prediction:vanishing cross section forPe = +1(−1) in
e−(+) scattering
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Calculation

Leading order diagrams at parton level

Vector and axial-vector interactionaγµ + bγµγ5

V�
quark0

quarkquarkp p����
V� q qp + q quark0

quarkquarkp p�� ��

V� qq V�
p� q

Mellin moments with definite symmetry properties
process dependent distinction even/oddN (from OPE)

Fi(N, Q2) =

∫ 1

0

dxxN−2Fi(x, Q2) , i = 2, L

F3(N, Q2) =

∫ 1

0

dxxN−1F3(x, Q2)
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Known

NC (exchange viaγ gauge boson)−→ F eP
2

CC (exchange viaW± gauge boson)−→ F νp+ν̄p
2 , F νp+ν̄p

3

evenN for F2, oddN for F3

NLO Bardeen, Buras, Duke, Muta ‘78

N2LO Zijlstra, van Neerven ‘92

N3LO Moch, Vermaseren, Vogt ‘05/‘06
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Known

NC (exchange viaγ gauge boson)−→ F eP
2

CC (exchange viaW± gauge boson)−→ F νp+ν̄p
2 , F νp+ν̄p

3

evenN for F2, oddN for F3

NLO Bardeen, Buras, Duke, Muta ‘78

N2LO Zijlstra, van Neerven ‘92

N3LO Moch, Vermaseren, Vogt ‘05/‘06

New

NC γ − Z interference at N3LO still missing

CC (exchange viaW± gauge boson)−→ F νp−ν̄p
2 , F νp−ν̄p

3

oddN for F2, evenN for F3

order N3LO already known
Charged current deep-inelastic scattering at three loops.

S. Moch and M. R.arXiv:0704.1740v1 [hep-ph]; Nuclear Physics, in press

best use: difference “even-odd”
Differences between CC coefficient functions, applications

S. Moch, M. R. and A. Vogt.DESY 07-048
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In practice

The calculation

Big number of diagrams⇒ need of automatization
e.g. DIS structure functionsF νp±ν̄p

2,L - 1076 diagrams,F νp±ν̄p
3 - 1314

diagrams up to3 loops

latest version of FORM and TFORM (multi-threaded version)
Vermaseren, FORM version 3.2 (Apr 16 2007)

QGRAF 7→ generation of diagrams for DIS structure functions
Nogueira ’93

Calculation of diagrams7→ MINCER in FORMLarin, Tkachev, Vermaseren ’91
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Results arXiv:0704.1740v1 [hep-ph]
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Checks

Known Mellin moments forF νP+ν̄P
2,L (even) andF νP+ν̄P

3 (odd)
recalculated

All calculations with gauge parameterξ for gluon propagator (Up to
10’th MM)

i
−gµν + (1 − ξ)qµqν

q2

Adler sum rule for DIS structure functions−→ Cns
2,1 = 1

∫ 1

0

dx

x

(

F νP
2 (x, Q2) − F νN

2 (x, Q2)
)

= 2

measures isospin of the nucleon in the quark-parton model
neither perturbative nor non-perturbative corrections inQCD
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Applications

Gottfried sum rule (charged lepton(l)-proton(P ) or neutron(N ) DIS)
∫ 1

0

dx

x

(

F lP
2 (x, Q2) − F lN

2 (x, Q2)
)

Conjecture: difference of non-singlet coefficient functions for even
and odd Mellin momentssubleadingin color [CF − CA/2] ≃ 1/Nc

Broadhurst, Kataev, Maxwell ‘04
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δCns
i,n = CνP+ν̄P

i,n − CνP−ν̄P
i,n with color coefficient[CF − CA/2]

e.g.
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α
3
s part of structure functions

x

x(ca,3 ⊗  f )

xf = x0.5 (1-x)3

MVV exact

MRV approx

a = 2

a = 3

Nf = 4

even: lower curves
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NuTeV experiment - Paschos-Wolfenstein relation

Exact relation for massless quarks and isospin zero target
Paschos,Wolfenstein’73, Llewelin Smith’83

R− =
σ(νµN → νµX) − σ(ν̄µN → ν̄µX)

σ(νµN → µ−X) − σ(ν̄µN → µ+X)
=

1

2
− sin2 θW

measurement ofsin2 θW NuTeV ’01with large deviations from
Standard model expectations

QCD corrections to the Paschos-Wolfenstein relation

second moments of valence PDFsq− =
∫

dxx(q − q̄)

expansion in isoscalar combinationu− + d−

Davidson, Forte, Gambino, Rius, Strumia ’01; Dobrescu, Ellis ‘03; Moch, McFarland ‘03

R− =
1

2
− sin2 θW

+

»

1 −
7

3
sin2 θW +

8αs

9π

˘

1 + αs1.689 + α2

s(3.661 ± 0.002)
¯

„

1

2
− sin2 θW

«–

×

„

u−

− d−

u− + d−
−

s−

u− + d−
+

c−

u− + d−

«

main uncertainties ins−

Martin, Roberts, Stirling, Thorne ‘04; Lai, Nadolsky, Pumplin, Stump, Tung, Yuan ‘07

QCD correctionsunder control, relevantMoch, M. R., Vogt ‘07
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Summary

New results for fixed Mellin moments at orderα3
s

F νp−ν̄p
2,L (odd) andF νp−ν̄p

3 (even)

and differences “even-odd”
N interesting:OPE based moments
[F νp−ν̄p

2,L − 1, 3, 5, · · · ; F νp−ν̄p
3 − 2, 4, 6, · · · ]:

weightw of zeta functions up to2l − 1 (l - number of loops)
Intermediate integerN [F νp+ν̄p

2,L − 1, 3, 5, · · · ; F νp+ν̄p
3 − 2, 4, 6, · · · ]:

weight up to2l

1/Nc suppression of “even-odd”
conjecture ofBroadhurst, Kataev, Maxwell ‘04verified at three loops

Stability of QCDαs expansion for Paschos-Wolfenstein relation

Future plans7→ NC γ − Z interference,polarizedprocess∆G, ∆q .
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