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IceCube Detector
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IceCube Simulation Chain
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Neutrino Interactions

I Charged Current

ν` + N → `− + X
ν̄` + N → `+ + X

I Neutral Current

ν` + N → ν` + X
ν̄` + N → ν̄` + X

At relevant energies for IceCube the process of deep inelastic
scattering is dominating (E > 5 GeV).
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Deep Inelastic Scattering
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DIS Kinematic Invariants

I Bjorken scaling variable

x =
Q2

2Mν

I Inelasticity in laboratory frame
y =

ν

E
I Four-momentum transfer

q = k1 − k2
Q2 = −q2 = −(k1 − k2)2
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Inclusive Leading Order CC Cross Section
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Parton Distribution Functions
I PDFs (e.g. in F2,F3,FL) can be measured in accelerator

experiments.
I Different experiments probe different kinematical regions.
I Extrapolate PDFs to regions of smaller x to describe the cross

section at highest energies.
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[3]
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Currently Implemented Cross Section 8
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FIG. 6: Neutrino DIS cross-section for CC and NC scattering as predicted by the HERAPDF1.5. Total relative PDF uncer-
tainties including experimental errors as well as model and parameter variations (EIG & VAR) are shown beneath each plot,
both with and without member 9. The marginal effect of increasing the Q2 cut from 2.5 to 5 GeV2 is also shown (member 8).

100 4 6 8 10 12
0.1

10

1000

105

Ν
C
C
cr
os
ss
ec
tio
n
!p
b"

Ν CC xsec #CT10$
CT10 member 52
Ν CC xsec #CT10$, w%o member 52

100 4 6 8 10 12
0.1

10

1000

105

Ν
N
C
cr
os
ss
ec
tio
n
!p
b"

Ν NC xsec #CT10$
CT10 member 52
Ν NC xsec #CT10$, w%o member 52

100 104 106 108 1010 1012

"0.4

"0.2

0.0

0.2

0.4

EΝ !GeV"

re
la
tiv
e
un
ce
rta
in
ty

Ν CC xsec #CT10$
CT10 member 52
Ν CC xsec #CT10$, w%o member 52

100 104 106 108 1010 1012

"0.4

"0.2

0.0

0.2

0.4

EΝ !GeV"

re
la
tiv
e
un
ce
rta
in
ty

Ν NC xsec #CT10$
CT10 member 52
Ν NC xsec #CT10$, w%o member 52

FIG. 7: Neutrino DIS cross-section for CC and NC scattering as predicted by the CT10 PDF. Relative PDF uncertainties from
experimental errors only (EIG), and also including parameter uncertainties (EIG & VAR) are shown beneath each plot, both
with and without member 52.
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Include Corrections

I Lepton masses
I Higher order QCD processes
I Nuclear effects
I Radiative corrections
I Target mass effects
I Heavy quark production

νµ

q

νµ

q

γ

Z

q

νµ

q

νµ

q

γ

Z

q

νµ

q

µ

q′

γ

W

W

νµ

q

µ

q′

γ

W

q

νµ

q

µ

q′

γ

W

q′

νµ

q

µ

q′

γ

W

µ

Figure 3: Bremsstrahlung diagrams for the processes νµq → νµq and νµq → µ−q′.

In detail, the two calculations of the O(α) corrections have been performed as follows:

1. In the first calculation, the fully differential partonic 2 → 2, 3 particle cross sections
have been obtained with the Mathematica packages FeynArts [ 13] and Form-

Calc [ 14]. The one-loop integrals are evaluated with the LoopTools library [
14]. The combination of virtual and real corrections is done by phase-space slic-
ing in the soft-photon region, i.e. soft photons are excluded from the phase-space
integral of the bremsstrahlung by a small energy cutoff ∆E < Eγ and added as
correction factor to the lowest-order cross section derived from the eikonal current
(see e.g. Refs. [ 10, 12]). In the whole calculation, fermion masses are kept small
but non-zero in the matrix elements and in the phase space.

2. The second calculation is completely independent of the first. The results for the CC
processes (2.2) are obtained via crossing the results of Ref. [ 15] where the related
Drell–Yan-like process qq̄′ → l−ν̄l was treated in O(α). Of course, the W-boson
width, needed there to describe the W-boson resonance, is set to zero in our case.
The corrections to the NC processes (2.1) have been calculated in the same way as
described in Ref. [ 15] for the CC case. This means that the one-loop amplitudes are
generated with FeynArts [ 13] and algebraically reduced using FeynCalc [ 16] or
own independent Mathematica routines; the scalar and tensor one-loop integrals
are evaluated using the methods and results of Refs. [ 9, 10]. The bremsstrahlung
amplitudes are derived in the Weyl–van der Waerden spinor technique, following
the formulation of Ref. [ 17]. The combination of virtual and real corrections is
performed in three different ways: using two different versions of phase-space slicing,
which are described in Ref. [ 15] in detail, and the dipole subtraction approach, as
described in Ref. [ 18]. Using these techniques, masses of the external fermions can
be set to zero in all bremsstrahlung amplitudes consistently; the mass dependence
relevant for mass-singular regions is restored according to factorization properties
of amplitudes.

We have checked that the different calculations lead to results on the relative O(α) cor-
rections to the NC and CC cross sections that typically agree within ∼ 0.1%. For the
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Parton Distribution Functions

I Convolute NLO matrix element with PDFs to obtain cross
section.

I Parametrize PDFs in x at a scale Q2
0 , which is large enough to

apply perturbative QCD.
I PDFs at scales Q2 > Q2

0 can be calculated with the DGLAP
equations.

I Predict PDF values at unmeasured values of x .
I Uncertainties naturally increase outside the fitted region.
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