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Figure 3.1. Left plot: schematic representation of the path through the Earth followed by an
incoming high-energy neutrino before reaching the detector. The NuPropEarth framework evaluates
the transmission coefficient T (E⌫) = �(E⌫)/�0(E⌫) as a function of neutrino energy E⌫ , the nadir
angle ✓, the spectral index � of the incoming neutrino flux �0 / E

�� , the Earth model, and the
neutrino-matter interaction cross sections described in Sect. 2. Right plot: diagram of the simulation
chain used in NuPropEarth indicating which interactions take place at each stage and the associated
tools. To simplify the diagram, only the leading contribution, neutrino-nucleon DIS, is included but
the sub-leading processes are also propagated. The incoming and outgoing neutrinos are marked in
black and red, respectively.

before moving in the next section to a discussion of the results for the neutrino attenuation
obtained with it.

Let us start by providing an overview of the calculations that are aiming to simulate.
The left plot of Fig. 3.1 displays a schematic representation of the path through the Earth
followed by an incoming high-energy neutrino before reaching the detector. The incoming
flux scales with the neutrino energy E⌫ as �0(E⌫) / E

��
⌫ , where � is a parameter known

as the spectral index and whose value depends on the astrophysical process that generate
these high-energy neutrinos. Different assumptions in the data analysis can lead to different
values for �. An analysis of the 4-year IceCube high-energy starting events determined that
� = 2.83± 0.50 [94].

The main goal of the NuPropEarth framework then is to compute the value of the trans-
mission T (E⌫) and attenuation Att(E⌫) coefficients, defined as ratios between the incoming
neutrino flux �0(E⌫) and the flux arriving at the detector volume �(E⌫),

T (E⌫) =
�(E⌫)

�0(E⌫)
, Att(E⌫) = 1� T (E⌫) =

�0(E⌫)� �(E⌫)

�0(E⌫)
. (3.1)

The values of T (E⌫) will depend in general on the nadir angle ✓, the spectral index �, the
Earth model, the neutrino-matter interaction cross sections described in Sect. 2, as well as on
other input parameters required for the calculation. Note that the dependence on the nadir
angle ✓ measures how much matter will such neutrinos encounter. For cos ✓ ' 0 (Earth-
skimming neutrinos) very little matter is encountered and thus the resulting attenuation is
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The interpretation of the cosmic neutrino flux depends on the knowledge of the high-energy 
neutrinos cross section. Interactions with Earth matter modify the incoming neutrinos flux 
observed by large-volume detectors. We present a complete and reliable calculation of this 
effect. 

If your neutrino experiment is affected by Earth absorption try this framework!*

NEUTRINO ATTENUATION RATES ARE  
PROVIDED BY A NEW SOFTWARE PACKAGE 

GENIE-based application with the structure of a general-purpose Monte Carlo event generator. It 
allows following the path and interactions (fully differential) of individual neutrinos as they travel 
through Earth on an event-by-event basis. 

Deep inelastic scattering off quarks and gluons. 
Scattering on atomic electrons via the Glashow resonance. 
(In)elastic scattering off the photon field of nucleons. 
Coherent scattering off the photon field of nuclei. * NuPropEarth code: https://github.com/pochoarus/NuPropEarth
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On the different flavours of 1D seismic reference models 

– Daniel Frost

Introduction

To a very good first order approximation, the earth is made up of concentric 

spherical shells, and its average internal structure can be described in terms of 

variations of properties as a function only of depth. Measurements of travel times 

and amplitudes of seismic waves generated by large earthquakes and observed at 

distant stations contain information about the elastic and anelastic properties of the 

medium through which they travel. These measurements can be used to build 

models of seismic velocity, density, and attenuation structure with depth through 

mathematical inversion. Earth properties are observed to change laterally and 

vertically, but change most strongly with depth (lateral velocity variations are at 

most 10% laterally compared with 500% vertically) thus Earth structure can be well

approximated by a 1-dimensional (spherically symmetric) model of elastic 

velocities, density, and attenuation as a function of depth (Fig. 1).  Different 1D 

reference seismological earth models have been constructed using different data 

types, different parametrisation, and computation procedures. Knowing what 

choices have been made in the construction of a 1D seismological reference earth 

model is important when one wants to use such a model, depending on the 

application. 

Figure 1 – 1-Dimensional Earth structure and velocities for the Preliminary 

Reference Earth Model or PREM (Dziewonski and Anderson, 1981). a. Radial 

Earth structure showing the major divisions. Solid lines mark discontinuities due to 

phase changes or compositional changes. b. Corresponding depth-dependent 

velocity structure for compressional and shear-waves (Vp and Vs, respectively). c. 

Depth-dependent density structure.
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WE QUANTIFY THE DEPENDENCE OF 
THE TRANSMISSION COEFFICIENT T ON:

All relevant processes are included: 
• Absorption due to νµ,e DIS CC interactions. 
• Energy degradation from νx DIS NC scattering. 
• ντ regeneration accounting for τ energy losses. 
• Secondary ν flux from τ decays and sub-leading 

interactions.

STATE-OF-THE-ART CROSS SECTIONS FOR HIGH-ENERGY NEUTRINO 
INTERACTIONS IMPLEMENTED IN THE HEDIS MODULE OF GENIE  

THE NEUTRINO FLAVOR 

THE CROSS SECTION MODEL 

THE NUCLEAR CORRECTIONS 

• Large deviations from full 
absorption approximation due to 
NC degradation and tau 
regeneration.  

• Consistent evaluation of nucleon 
PDF uncertainties. Few percent 
level nucleon PDF errors for 
most of the relevant energy range.

Two models compared: 
- BGR18 JHEP 01 (2019) 217 
- CMS11 JHEP 08 (2011) 042 

• 10-20% disagreement due to 
different scheme to account for 
heavy quark mass effects. 

• Different prescription to compute 
PDF uncertainties have a small 
impact on errors.

Thorough calculation to study the 
impact of nuclear effects (as shadowing) 
using nNNPDF1.0 as input. 

• Nuclear PDF effects have a 
significant impact in the 
predictions for the attenuation rates. 

• Large uncertainties due to the lack 
of constraints on nPDFs in the small-x 
regime. 
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