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Introduction
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Neutrino Oscillation
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Knowledge about MO
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Prominent experiments to detect MO

1 Medium Baseline
Reactor based
experiment (JUNO)

2 Long Baseline
Accelerator based
experiment (T2K,
NOvA, HK, DUNE)

3 Summary

Experimental Overview

Method of determining MO

Challenges/Requirements

Key designs to meet the
requirements

Thien Le Hong, Thang Nguyen Tat, Bhavna Yadav July 22, 2022 6 / 29



Medium Baseline Reactor based experiments (JUNO)

1.1. Experimental Overview

Figure: JUNO experiment overview
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Medium Baseline Reactor based experiments (JUNO)

1.2. Method of determining MO
Precision vaccum oscillation measurement

Figure: JUNO neutrino bi-oscillation spectral distorsion
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Medium Baseline Reactor based experiment (JUNO)

1.3. Challenges/Requirements

High statistics (105 events in 6 years)

High Energy resolution (3̃% at 1MeV)

Low Energy scale uncertainty (< 1%)

1.4. Key designs to satisfy the requirements

Large liquid scintillator volume (20kton)

High liquid scintillator light yield and transparency

High PMT coverage and efficiency

Double (stereo-) calorimetry

Complementary calibration system

Using JUNO+TAO
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Long Baseline Accelerator Based Experiment

2.1. Experimental Overview
Basically 3 generations :

First generation : K2K, MINOS, OPERA

Second generation : NOvA, T2K

Third generation : DUNE, Hyper-Kamiokande (HK)
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Long Baseline Accelerator Based Experiment (Gen. 2)

Figure: T2K (Upper) and NOνA (Lower) experiment overview

Thien Le Hong, Thang Nguyen Tat, Bhavna Yadav July 22, 2022 11 / 29



Long Baseline Accelerator Based Experiment (Gen.3)

Figure: HK experiment overview

Figure: DUNE experiment overview

Thien Le Hong, Thang Nguyen Tat, Bhavna Yadav July 22, 2022 12 / 29



Long Baseline Accelerator Based Experiment

2.2. Method of determining MO
Matter Effect

Figure: Atomic structure of Matter
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Long Baseline Accelerator Based Experiment

Figure: Feymann diagrams for charged current (left) and neutral current (right) in matter

Charged Current Interaction

Giving additional effective
potential (or ”drag”) to
neutrino

Only for electron neutrino

Neutral Current Interaction

Giving additional potential (or
”drag”) to neutrino

Affecting all flavors equally

⇒ Induce an effect that depends on ∆m2
21
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Long Baseline Accelerator Based Experiment

Matter Effect

Figure: Survival probability of electron neutrino at baseline L=5x103km
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Long Baseline Accelerator Based Experiments
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Long Baseline Accelerator Based Experiments

2.3. Challenges

Largely dependent on θ23

Coupled with size of CP phase

Require precise estimation of matter density

Require sufficiently long baseline
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Summary
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Sensitivity of Prominent Experiments to MO

Event Rate ≈ Prob. × Flux × Cross Section × Detection Efficiency

Expts. Baseline(km) Matter Density(gm/cc) Matter Potential(eV)

HK 295 2.6 0.94× 10−13

T2K 295 2.6 0.94× 10−13

NOνA 810 2.8 1.01× 10−13

DUNE 1300 3 1.08× 10−13

Table: Matter potential and baseline for Experiments
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Matter effect in Long Baseline Accelerator Based
Experiment

Figure: The plot shows the matter effect in Pµe in different baselines. The horizontal solid lines
represent the Pµe for NH and the horizontal dashed lines for IH at the first oscillation peak of
T2K/T2HK (black), NOνA (cyan) and DUNE (yellow) respectively. The difference PNH

µe − P IH
µe

represents the magnitude of matter effect in each experiments. δ = 0◦ and θ23 = π/4 is
considered. Other parameter are taken from NuFIT 5.1.
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Matter Effect in Long Baseline Accelerator Based
Experiments
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Impact of θ23

Figure: Left: Maximal θ23. Right: Impact of Upper and Lower octant
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T2K and NOνA Sensitivity to MO (2 Gen.)

Figure: T2K (upper) and NOνA (lower)
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HK and DUNE Sensitivity to MO (3 Gen.)

Figure: HK (left) and DUNE (right)
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JUNO Sensitivity to MO
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Combined Sensitivity to MO
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Conclusion

Neutrino Mass Hierarchy is still a fundamental property that we don’t
know

Currently, there is 2σ preference for Normal Ordering from individual
experiment: T2K, NOVA, combined with reactor θ13 measurement

Next generation experiments aim to have greator than 3σ sensitivity
to MO in a single experiment (2025-2030)

JUNO is independent of δCP and θ23 but LBL acclerator depend on
these parameter.So Two different techniques convering to same result
can give a concrete evidence.

Resolved MO can help to distinguish between different mass models
and other aspects related to neutrino mass and CP violaion.
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