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Overview of the Talk :
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1. Introduction
2. Multi-messenger Earth Tomography
3. PREM profile of Earth and Seismic measurements
4. Motivation for Oscillation Tomography
5. Matter effect on Neutrino Oscillation → sensitive to chemical composition(Z/A)
6. Multi-detector location in terms of LLSVP? 
7. Sensitivity Calculation for Hyper-K like detector(work in progress!!)
8. Conclusion

CMB: Core-Mantle Boundary(not Cosmic-Microwave Background!!)
IC: Inner-Core, OC: Outer-Core
LLSVP: Large-Low Shear Velocity Province(now called LLVP)



Introduction :
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Focus of 
this Talk !!

Mass, Moment of Inertia of Earth

Density of Earth

PREM profile of Earth, composition

Composition of 
Earth’s Crust



Seismic Measurements :
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Geologists study seismic 
waves from earthquakes 
using seismograms recorded 
in seismometer

From S, P wave studies we inferred the Earth’s Core is liquid



Preliminary Reference Earth Model(Density Profile):
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** Preliminary Reference Earth Model(PREM)/ Authors: Adam M. Dziewonski and Don L.Anderson (June 1981)



Motivation : Can we identify the chemical composition of the inner Earth?
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** Rott, C., Taketa, A. & Bose, D. Spectrometry of the Earth using Neutrino Oscillations. Sci Rep 5, 15225 
(2015). https://doi.org/10.1038/srep15225

Figure: Spectrometry of the Earth using Neutrino Oscillations

Neutrinos passing 
through different 
layers of Earth

Rock (SiO₂):        Z/A ≈ 
0.4691  (typical Earth crust)
Iron (Fe):          Z/A ≈ 
0.4633  (Earth core)
Water:              Z/A ≈ 0.5000  
(pure water)

LLVP composition (likely):
- Oxygen-rich silicates
- Iron oxide rich
- Z/A ≈ 0.465-0.475



Motivation : Can we infer 3D Earth structures using Neutrinos?!

7

**A Large Low-Shear-Velocity Province (LLSVP) is a massive, continent-sized region in the Earth’s lowermost 
mantle, beneath Africa and the Pacific, characterized by anomalously slow seismic shear waves.

Pacific LLSVP

African LLSVP

Global maps of the LLSVPs Seismic shear-wave velocity anomalies (δVs)

** Doucet, L.-S. et al. (2020). Nature Geoscience, 13, 511–515. doi.org



Matter effect on Neutrino Oscillation:

8

Measured in neutrino 
oscillation patterns

Probes composition in core/mantle

Probes matter density

mn



The Hyper-K experiment is expected 
to provide competitive sensitivity at 
the energy scales relevant for 
tomography study
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https://inspirehep.net/literature/1672899

The Hyper-K Collaboration has identified 
tomography as one of their scientific targets. 
Sensitivity study has been focused on light 
elements in the outer core.

**Probing the earth’s interior with neutrinos, Veronique et al. 2021

We are using Atmospheric Neutrinos(2-10 GeV) for our 
Tomography study

This is NOT a Hyper-K collaboration talk!!



Public Oscillation frameworks :

10

1. NuCraft data to generate the oscillograms:
https://nucraft.hepforge.org/

2. PISA - Public oscillation package, originally developed by 
the IceCube collaboration
https://github.com/icecube/pisa

3. EarthProbe from APC tomography group,
https://gitlab.in2p3.fr/apc-tomography/earthprobe

4. OscProb(base neutrino propagator for EarthProbe),
https://github.com/joaoabcoelho/OscProb 

Uses 3D Earth Model

Uses symmetric/1D Earth Model



Example Oscillograms from PISA: 
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10 layer PREM profile59 layer PREM profile



Example Oscillograms from PISA: 
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Here, I took the difference 
between two different PREM 
layers. However, if I would have 
fixed the PREM layers but varied 
Z/A value, that would be 
interesting to see.



Example Oscillograms from Nucraft: 
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Z/A : 0.4550Z/A : 0.4680



Example Oscillograms from Nucraft: 
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CMB
This is the probability difference 
between two oscillograms for two 
different Z/A(outer core), 0.4680 & 
0.4550(randomly chosen).
With numu → nue channel
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Moving to 3D Earth in OscProb :
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Figure: Modified PREM model with 15% density anomaly near the CMB(core mantle boundary)



Moving to 3D Earth in OscProb(multi-detector positions)  :
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Moving to 3D Earth in OscProb :
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Neutrino path
𝝂



Neutrinos travelling through specific region of Earth :

24

Neutrino path, 
phi = 0 deg

𝝂

Neutrino path, phi = 270 deg

𝝂



Oscillograms generated using OscProb(for 3D Earth) :
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With LLSVP w/o LLVP

Recent oscillation parameters from NuFIT 6.1(http://www.nu-fit.org/?q=node/309) with Normal Mass Hierarchy

phi(azimuth) = 225 deg



Difference seen in the oscillograms :
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● Have to add area search for the 
sensitivity of the specific region!



Sensitivity for this data set :
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Modified PREM model with 5% density anomaly near the CMB (Core-Mantle Boundary)

We assume a Hyper-K like 
detector with the following 

performance:

● Spectral weighting:  ~ E−2.7

● Energy Resolution: σE /E = 5%
● Angular Resolution: σθ = 5◦/√EGeV
● Significance (σ) = √|𝝌2|
● Plots the cumulative significance 

(σ) as a function of Exposure 
(Mton·Years).

● For a fiducial mass  of  0.187 Mton 
the atmospheric 𝝂𝝻  event 
considered  is 22,145 per year, 
Note: Current normalization 
reflects total global rate; upgoing 
𝝂𝝻  specific scaling is ongoing. 



Other Interesting Tomographic studies for Hyper-K(from Carsten’s Talk at Neutrino Geoscience  2025 ):
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Reference: https://indico.global/event/14476/contributions/137722/attachments/63850/123334/Rott_HK_NG25K.pdf



Summary :
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1. Neutrino Oscillation Tomography is a complementary tool to scan terrestrial bodies like Earth 
other than seismic studies!

2. We need more data for studying the chemical composition or 3D structure like LLSVP.

3.  Put constraints on the LLSVP region(specific azimuth & zenith) & consider exact density 
variations for these regions.

4.  Include exact oscillation parameters, energy and angular resolution to find  Hyper-K like 
water cherenkov detector’s  sensitivity to these LLSVP ……….

Thank You


