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Plan of talk

& Current understanding of the neutrino mass bierarchy
@ Future prospects:

& Atmospheric neutrino experiments

& Long baseline experiments

@ Reactor experiments

& Conclusions
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Neutrino Mass Hierarchy
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“__len. How to measure:
T 1. Matter effects tn nu oscillation
- (Am) . . .
it (1) Long baseline experiments
(i2) Atmospheric nu experiments

Im,n:,w, Y | (ii2) Supernova neutrinos
(m )y (m_x)“dr_

normal hierarchy inverted hierarchy

(1) Reactor nu experiments at
intermediate baselines
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2. Interference effects in nu oscillation
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& Absolute nu mass: ovbb,cosmology E
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Statistically insignificant...can they be called hints?

R. Wendell, Talk at Neutrino 2014
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Current Status (T2K)
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Atmospheric Neutrino Experiments

% Megaton-class Water Cerenkov Detectors
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Good zenith angle resoln

e vs mu discrimination
low E threshold

statistical separation of
nue vs anti-nue

large statistics
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Atmospheric Neutrino Experiments
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Normal mass hierarchy
L HK fiducial mass: 560 kTon
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3 sigma discovery in
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Atmospheric Neutrino Experiments

2 Multi-megaton IcelWater Detectors
' .,;{ \:: e /lceTop

e vs mu discrinunation
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AVIANDA Il Ay very large statistics

Fh 1450 m (precursor to lceCube)

DeepCore
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- Atmospheric Neutrino Experiments  *

First octant only
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Atmospheric Neutrino Experiments

Large Magnetized Iron Detectors

Good E and 6 resoln
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Atmospheric Neutrino Experiments
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3 sigma discovery in
about 10 years

40% improvement above muon only analysis
Ghosh, T hakore, S.C.,arXw:1212.1305

0.221-

0.2

0.18F

0.16

_ 0.14F

L
-

&7 0.12F
0.1F
0.08—

0.04

: 3
HERS
RS
"
iy
o
. R
.
.
et
o

. o
' '
_// — =T

. /‘ : :
L1 (l_l ﬂ‘—“ | ‘I | | |% L W N N R | | | I I | | | I | | | I |

0'06.

6 0.65 0.7 075 0.8 0.85 0.9 0.95 1

Reconstruction effsck?n@hwh arXiw:1306.1423

1406.568Sensitivity can increase if

muon energy resolution is
improved

P [ _N G U * Ribordy, Smirnov, arXw:1303.0758

Include melasticity y, increase sensitiity by 20-50%
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- Atmospheric Neutrino Experiments =
: Hierarchy sensitivity of atmospheric neutrino %
% experiments is almost independent of delta_cp
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Prospects at T2K & NOvVA
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Future Long Baseline Experiments

Sensitivity at ELBNF
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Future Long Baseline Experiments
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Reactor Expts JUNO, RENO-50)
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Reactor Expts JUNO, RENO-50)

Hierarchy sensitivity of reactor neutrino

experiments is completely independent of delta_cp
as well as theta_23
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Synergy between PINGU and JUNO
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