
Carsten Rott
rottnospam@skku.nospamedu 

with Akimichi Taketa (ERI / Tokyo) and 
Debanjan Bose (SKKU)

Neutrino Oscillation 
Tomography with PINGU

PINGU Pre-Meeting Mainz 2016
Sep 25, 2016

mailto:rottnospam@skku.nospamedu?subject=


Carsten RottCarsten Rott PINGU Pre-meeting Mainz Sep 24, 2016

Outline

• Motivation

• Methodology of Neutrino 
Oscillation Tomography

• PINGU Sensitivity and on-
going studies

• Conclusions and Plans 

2



Carsten RottCarsten RottCarsten Rott PINGU Pre-meeting Mainz Sep 24, 2016

Motivation
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Motivation 

• New Method to understand 
inner Earth

• Inner Earth Composition

• Light elements in the 
outer core ?

• Understand the 
Geodynamo

• Apply neutrino physics to 
Earth Science
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1st Tomography Workshop @ ERI Jan 2016

Nature Geoscience; 
Volume: 4, 647–651 (2011)
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Methodology of Neutrino Oscillation Tomography
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Rott & Taketa 2015

Motivation - Methodology
• The Earth matter density 

profile can be determined 
from seismic measurements 

• Matter induced neutrino 
oscillation effects however 
dependent on the electron 
density

• Given a matter density profile 
the “average” composition (or 
Z/A) along the neutrino path 
can be determined using 
neutrino signals (Oscillation 
tomography)
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Electron density in core 
Yc=electron/nucleons

corresponding zenith angles for boundaries
Inner Core Boundary (ICB) θν <169º (cos θν < -0.98)
Core Mantle Boundary (CMB) θν <147º (cos θν < -0.84)
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Oscillograms
Rott & Taketa Scientific Reports (2015)
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Pure Fe Fe + 2wt% H
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Prospects of density measurements 
assuming known composition
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Density measurements
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Excellent sensitivities to the lower mantle 
density and give a robust lower bound on 
the outer core density

PINGU and ORCA can provide complementary 
information due to different locations. Seismic 
measurements show irregular wave propagation 
zones in the lower mantle

W. Winter Nucl.Phys. B908 (2016) 250-267

Percentage errors achievable with 10 years of data



Carsten RottCarsten RottCarsten Rott PINGU Pre-meeting Mainz Sep 24, 2016

Thank you !
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Distinguishing Outer core models
Rott & Taketa 2015
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Hydrogen content (wt%)
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Sensitivity
Rott & Taketa 2015
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• A few years of  
PINGU data 
would yield a 
few 10MTyrs

• Probe ~2-4wt
% hydrogen

• Reject extreme 
core 
composition 
models
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How can we increase sensitivity ?  

• Dependence on the angular resolution 
and energy resolution:

46

100

90

80

70

60

50



Carsten RottCarsten RottCarsten Rott PINGU Pre-meeting Mainz Sep 24, 2016

Uncertainty due to Earth model
Rott & Taketa 2015

47

Uncertainty due to the 
Earth mass density 
profile is negligible
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and Planetary Interiors 25, 297–356 (1981).
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travel times. Geophysical Journal International 122, 108–124 (1995).
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