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Iron Calorimeter (ICAL) detector at INO [1] can play an impor-
tant role to reveal the existence of Earth’s core since it can recon-
struct core passing νµ and ν̄µ separately with high resolution in
the multi-GeV range of energy.
• ICAL@INO: 50 kton magnetized iron detector

• Uniqueness: CID for muons, distinguishes νµ and ν̄µ

• Muon energy range: 1 – 25 GeV, Muon energy resolution: ∼ 10%

• Baselines: 15 – 12000 km, Muon zenith angle resolution: ∼ 1◦

Internal Structure of Earth

Three layer profile of Earth

Profiles Boundaries (km) Densities (g/cm3)
Core-mantle-crust (0, 3480, 5701, 6371) (11.37, 5, 3.3)

Mantle-crust (0, 5701, 6371) (6.45, 3.3)
Core-mantle (0, 3480, 6371) (11.37, 4.42)

Uniform (0, 6371) (5.55)

Neutrino Oscillations in Matter

• The atmospheric neutrinos undergo coherent elastic forward
scattering with electrons inside the Earth which leads to the
modification of neutrino oscillations[2].

• Neutrinos passing through the mantle feel the Mikheyev-
Smirnov-Wolfenstein (MSW) resonance.

• The core passing neutrinos experience parametric resonance.

Probability Oscillograms

Core -> Parametric resonance

Methodology

• Three flavor neutrino oscillations in the presence of matter by con-
sidering various profiles of Earth based on PREM profile[3].

• Neutrino events are generated for flux at Theni site using NUANCE.

• The detector properties are incorporated using a migration matrix
obtained from GEANT simulations by ICAL collaboration.

• Systematics and uncertainty on oscillation parameters are taken into
account while performing statistical analysis.

Core Passing Neutrino Events

Regions cosθν Baseline (km) µ− Events µ+ Events
Core-mantle-crust (-1.00, -0.84) (10691, 12757) 331 146

Mantle-crust (-0.84, -0.45) (5721, 10691) 739 339
Crust (-0.45, 0.00) (437, 5721) 550 244

Statistical Analysis and Results
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• Neutrino Flux: Theni • Exposure: 500 kt·yr • Marginalization over
sin2θ23: (0.36, 0.66), ∆m2

eff: (2.1, 2.6) ×10−3 eV2, and mass ordering:
(NO, IO)

Data Theory
∆χ2

ICAL-profile

NO(true) IO(true)
CID No CID CID No CID

Core-mantle-crust Vacuum 4.65 2.96 3.53 1.43
Core-mantle-crust Mantle-crust 6.31 3.19 3.92 1.29
Core-mantle-crust Core-mantle 0.73 0.47 0.59 0.21
Core-mantle-crust Uniform 4.81 2.38 3.12 0.91

Summary and Conclusion

• Using atmospheric neutrinos at ICAL in 10 years, the presence of
Earth’s core can be established at ∆χ2 of 6.31 for normal ordering
and 3.92 for inverted ordering

• Charge identification capability of ICAL plays a crucial role in estab-
lishing the presence of core.
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