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Motivation (Particle Physics ⇒ Earth Science)

• What can neutrino detectors do for Solid Earth Science ?

• Muon Radiography

• Atm. airshower muon absorption

• Geo-neutrinos

• Low-energy neutrino detection from nuclear decays

• Neutrino absorption tomography

• Atm. air shower high-energy neutrino absorption

• Neutrino oscillation tomography

• Atm. air shower neutrino oscillations
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Neutrino Cross sections
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Neutrino Cross Sections
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• Neutrinos interact via the weak 
interaction (W,Z-Boson)

• Above ~1GeV Neutrinos interact via 
the deep inelastic scattering (DIS)

• Charged-current (CC) 

• Neutral current (NC)

(νl, ν̄l)N → (l−, l+) + X
(νl, ν̄l)N → (νl, ν̄l) + X
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Neutrino Cross Section
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-Q2  - invariant momentum transfer between the incident neutrino and outgoing muon
GF   - Fermi Constant  GF = 1.16632 10-5 GeV-2

Assuming the interaction

Differential cross section

 Bjorken scaling variables

x = Q2/2Mν y = ν/Eν

ν = Eν − Eμ

with
in the lab (target) frame

Quark distribution functions 
(including valence and sea quarks)
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Neutrino Cross Section
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Charged-current

Quark distribution functions 
(including valence and sea quarks)

Neutral current

Parton distribution functions 
(including valence and sea quarks) 

(including chiral coupling)
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Neutrino Cross Sections
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Scaling

Below 10TeV linear with 
energy

Energies exceeding 10 TeV  
the cross section is
damped by the W -boson 
propagator

Neutrino Cross Section
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Anti-Neutrino Cross Section
Above 106 GeV the 

valence quarks in the 
parton distribution 
function become 

irrelevant and neutrino 
and anti-neutrino cross 

sections are equal
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Neutrino Interaction Length
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These results apply for and

Anti-NeutrinosNeutrinos
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Neutrino - electron scattering
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• In the energy range of interest to 
atmospheric and astrophysical 
neutrino, neutrino-electron 
scattering can be generally be 
neglected

• Anti-electron neutrinos are an 
exception due to a resonance at 
~6.3PeV

• This is known as the Glashow 
resonance



Carsten Rott ISAPP Summer School 2018

Neutrino Absorption in the Earth
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With neutrino telescopes measure  the arrival direction (and 
neutrino energy).  Use muon neutrinos for good pointing 
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Neutrino Absorption in the Earth
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• Ingredients to study neutrino absorption in the 
Earth

• Neutrino flux (Flux Model)

• Neutrino propagation through the Earth

• Interactions with nucleons

• Detector simulation

• Experimental data
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A prediction …
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Radiography of the Earth’s Core and Mantle with 
Atmospheric Neutrinos
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Radiography of the Earth’s Core and Mantle with Atmospheric Neutrinos
M.C. Gonzalez-Garcia, Francis Halzen, Michele Maltoni, and Hiroyuki K.M. Tanaka
Phys. Rev. Let. (100) (2008)

Method
Use atmospheric muon neutrino absorption in 
the Earth to detect the core

Observation time

Number density 
of targets

Muon effective area

Muon 
propagation 
to detector

Differential Muon neutrino 
flux after propagation 

through the Earth

Neutrino cross 
section
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Radiography of the Earth’s Core and Mantle with 
Atmospheric Neutrinos

 15

Radiography of the Earth’s Core and Mantle with Atmospheric Neutrinos
M.C. Gonzalez-Garcia, Francis Halzen, Michele Maltoni, and Hiroyuki K.M. Tanaka
Phys. Rev. Let. (100) (2008)

A prediction:
IceCube can directly observe the core-mantle transition at the 5σ  level in 10 years.

R =   

PREM

Homogeneous 
Earth
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Neutrino Absorption in the Earth
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Neutrino absorption in the Earth / Neutrino Cross 
section measurement 
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IceCube Collaboration - Nature 
Vol 551, 596–600 (2017)• One year of IceCube data

• Data acquisition 
period 2009-2010

• IceCube Detector 
configuration

• IC79 (nearly 
completed detector 
with 79-strings 
installed)

• Data sample 

• 10,784 energetic 
upward-going 
neutrino-induced 
muons

• Neutrino energy range 

• Eν = 6.3–980 TeV

Transmission 
Probability
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Neutrino absorption in the Earth / Neutrino Cross 
section measurement 
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Neutrino Tomography / Neutrino 
Cross Section Measurements

IceCube Collaboration - Nature 
Vol 551, 596–600 (2017)

Only one year of data (2009-2010)

• 2 orders of magnitude higher in 
energy than previous accelerator 
based measurements


• Measurement reflects a flux-
weighted sum of neutrinos and 
antineutrinos


• First measurement where the DIS 
cross section is no longer linear in 
energy


• Consistent with current Standard 
Model calculations


• 6 more years of data are available 
and could reduce uncertainties 
below 20% and  enable a binned 
measurement across energy
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Astro-physical Neutrino Search - … and 
neutrino absorption
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HESE7.5yrs results
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 IceCube Collaboration, Science 342, 1242856 (2013)

High-Energy Starting Events (HESE) – 7.5 yr

up-going
dow

n-going
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Neutrino Absorption Study with public data
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1803.05901
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IceCube Public Data Analysis
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Data as a function of Eμ and θz

The IceCube IC86 
public data sample

- One year of data taking 
(2011-2012)
• 20145 muon events 
collected over 343.7 days
• Eμ =[400GeV-20TeV]
• The muon direction is a very 
good proxy of the neutrino 
direction, with Δcosθz < 0.01

1803.05901
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IceCube Public Data Analysis
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Full Sample Energy cut E>5TeV

Bin by bin variation seem inconsistent with statistical 
uncertainty … 
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Analysis Method
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Binned log likelihood analysis
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Results
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Results
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Next generation large volume 
neutrino detectors
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IceCube Gen 2
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arXiv:1412.5106
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Example 
geometry with 

120 strings
300m spacing

IceCube Coll. Gen2 LOI

http://arxiv.org/abs/arXiv:1412.5106
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IceCube-Gen2
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Conclusions
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Conclusions

 35

• Neutrinos above 40TeV are expected to be absorbed 
in the Earth

• Neutrino absorption has been observed for the first 
time (IceCube Collaboration - Nature Vol 551, 596–600 
(2017)) and neutrino cross sections measured in the 
TeV range

• Neutrino absorption measurements are more 
important to study high-energy neutrino cross sections

• Next generation large volume neutrino detectors are 
expected to allow for more precise Earth density 
profile measurements
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Thanks !
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