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Atmospheric Neutrinos and Neutrino Oscillation
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Oscillation Tomography using Matter Effect

Neutrino oscillation is affected by Electron Density

Piv,~v_) with Travel Theough the Earth - 10 GeV, 179
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Neutrino Oscillation though Earth

P(v, —v,) — Normal Hierarchy
~P(v,—>v,) - IH

Energy (G_._eV)

[
£n

A1IGEQO.d [EAIAINS

-1 408 08 07 068 05 04 03 02 01 ©

cos(zenith angle)

Core \%




Neutrino Oscillation though Earth

P(v, —v,) — Normal Hierarchy
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Neutrino Oscillation though Earth

P(v, —v,) — Normal Hierarchy
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Neutrino Oscillation though Earth
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Sensitivity to Core Z/A

If Density is known, electron density gives Z/A ratio

Z/A Ratio:
Hydrogen: 1
Light Elements: 0.5
Mantle (Pyrolite): 0.4957 :
Iron: 0.4656 j> 6.5% difference
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Wish List

Atmospheric Neutrino Flux
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PINGU: Ice-Cube Upgrade for Lower Energy

Letter of Intent:

The Precision IceCube Next Generation Upgrade (PINGU)

arXiv:1401.2046 (9 Jan 2014)
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Hyper-Kamiokande (Super-K successor)

Letter of Intent:

The Hyper-Kamiokande Experiment

— Detector Design and Physics Potential — v 0.99 M-ton
v 20% photo coverage

v few MeV threshold

arXiv:1109.3262 (15 Sep 2011)
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PINGU: Sensitivity to Core Z/A

Iron Core Pyrolite
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PINGU: Sensitivity to Core Z/A

———————————— PINGU 5 yr
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Fe: 0.4656 Pyrolite: 0.4957 (+6.5% to all-Fe)
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PINGU: Sensitivity to Core Z/A

———————————— PINGU 5 yr

Alogl

| | | |
O30 0.42 0,41 046 048 050 0.52 0.5
Core Z/A

1o

Fe: 0.4656 Pyrolite: 0.4957 (+6.5% to all-Fe)

t

Fe + H (1 wt%): 0.4709 (+1.0% to all-Fe)



PINGU: Sensitivity to Core Z/A
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v Inverted Hierarchy will limit the sensitivity to ~20%,
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v Dependence on 6 ;5 value is small

v’ Better energy resolution will largely improve the sensitivity

17



Hyper-Kamiokande might do it better

v’ Better energy and angular resolutions
v’ v, channel usable

HK: 1 M-ton water cherenkov

e Smaller active volume??
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Low-energy sensitivity increases effective volume

Hyper-Kamiokande Letter of Intent

arXiv:1109.3262 (15 Sep 2011)
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Neutrino Absorption Tomography

Kotoyo Hoshina, AGU Fall 2012
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Neutrino Absorption Tomography
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Neutrino Absorption Tomography

Kotoyo Hoshina, AGU Fall 2012

PREM vs FLATCORE model

PREM (Preliminary Reference Earth Model)
FLATCORE (Density of Core is constant)
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FLATCORE model doesn’t conserve Earth’s mass, but still useful to
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Neutrino Absorption Tomography

Simulation with [C/9 10 years

Kotoyo Hoshina, AGU Fall 2012

very conservative estimation of ~10yr measurement
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Appendix:
Parametric Enhancement is Sensitive to CMB?
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Summary

Neutrino Oscillation Tomography

Direct measurement of core composition
Uses oscillation matter effect (MSW) at 1~10 GeV

PINGU will measure Z/A at ~8% accuracy (NH case), possibly better
Inverted hierarchy will limit the sensitivity to ~20%
Hyper-Kamiokande might be able to do it better

ORCA (KM3NeT, 1.8 M-ton in sea water) can do the same?

Neutrino Absorption Tomography

Direct measurement of core density
Uses neutrino absorption at ~10 TeV

10 yr Ice-Cube will discriminate core from mantle
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Photo Coverage vs Energy Threshold

_ Figure courtesy A. Karle
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MSW Resonance
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(b) Inverted hierarchy
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Atmospheric Neutrino Composition

Vv —Flux ratios

- -1 = 2
v -Fluxx E, 3 (m ~Zsec 's7 'Gev ®)

E, (GeV)

M. Honda et al, Phys Rev D 70, 043008 (2004)
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