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We point out one of the possible sources of the "NuTeV anomaly": the effect of the non-adequate
application of the one-loop electroweak radiative corrections including QED hard photon emis-
sion derived by Bardin and Dokuchaeva (1986) in the NuTeV radiative corrections data analysis
of deep inelastic neutrino and anti-neutrino deep inelastic scattering.
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Here we point out one of the possible sources of the "NuTeV anomaly" [1]: the effect of
the non-adequate application of the Fortran program NUDIS [2] for the calculations of the elec-
troweak RC to the inclusive cross section of deep inelastic νµ(ν̄µ)N-scattering in the data analysis
of neutrino and anti-neutrino DIS in the NuTeV experiment. This effect we consider as the most
promising [3] that might reconcile the NuTeV measurement with the precise measurements near
the Z pole.

The main contribution to the total RC arises from δRν
CC [2, 4, 5, 6], i.e. from the charged

current events in the neutrino DIS:

νµ +N → µ− +X . (1)

The electroweak RC to DIS have two different parts - weak RC and QED RC. The contribution
of the weak RC does not depend from the event selection in the experiment, but the contribution of
the QED RC depends significantly on the measured kinematical quantities: the radiative corrections
calculated in a different set of variables can have a completely different value and behavior [7]
because of the different bremsstrahlung contribution to (1) from the process:

νµ +N → µ +X + γ. (2)

with non-observed photon(s).
The general formula [7] for the radiatively corrected neutrino DIS cross section in terms of

leptonic variables can be represented as the sum of the Born distribution with the contributions due
to virtual loop diagrams and real hard photon emission:

d2σRC

dxdQ2 =
d2σBorn

dxdQ2 (1 + δV (x,Q2))+
∫ ∫

dxhdQ2
h H(x,Q2,xh,Q

2
h)

d2σBorn

dxhdQ2
h

(3)

The part of (3) proportional to δV (x,Q2) contains the contributions from the EW and QED
loop corrections and from the soft part of the real photon radiation. The second part accounts for
the bremsstrahlung contribution (2) where the function H(x,Q2,xh,Q2

h) is the hard photon radiator.
The explicit formulae for δV (x,Q2) and H(x,Q2,xh,Q2

h) are derived in [2] in the framework
of the quark-parton model and in the approximation of the four-momentum contact interaction
neglecting the terms of the order αQ2/M2

W . Moreover, in [2] for the density function of the initial
quark in the nucleon fi(x,Q) the scaling approximation is used which simplifies the calculation of
the twofold integral in (3).

The NuTeV experiment uses [8] the computer program ZFITTER [9] for the calculation of
the electroweak corrections and the formulae of Bardin and Dokuchaeva [2] implemented in the
Fortran program NUDIS [2] which contains the virtual loop corrections and the bremsstrahlung
contributions of the order O(α) to the inclusive differential cross section d2σ/dxdQ2 of neutrino
and anti-neutrino CC and NC DIS in leptonic variables at fixed energy of the neutrino beam and
without applying any cut on photon kinematics. 1

In reality the initial energy of neutrino Eν is measured for each selected event. In the NuTeV
[8] the three experimentally measured quantities are: Eµ and θµ , the energy and the scattering angle

1With the exception of a cut on the energy of final hadrons Eh > 10 GeV .
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of the outgoing muon, and EHAD, the energy deposited in the target calorimeter which includes the
energy of the hadronic final state Eh and the energy of the emitted photon Eγ :

EHAD = Eh +Eγ . (4)

The measurement of EHAD for the event selection [8] means the detection of real hard photons
with the energy Eγ > Ēγ , where Ēγ is the photonic calorimeter threshold.

Therefore, the contribution of such hard photons to the inclusive cross section of DIS should
be subtracted from the bremsstrahlung integral in (3). This implies the integration in (3) over the
physical region (xh,Q2

h) [7] restricted by the following condition:

Q2
h/xh ≥ Q2

l /xl −2MĒγ (5)

This is the main point of the non-adequate application of the formulae of Bardin and Dokuchaeva
and the Fortran program NUDIS in the radiative corrections analysis of the NuTeV experiment.
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