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Non-Radiative Neutrino

gﬁk! m? = 16!" (1 + mg/m i)! 2 i
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Non-Radiative Neutrino
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Bounds from K-decays put a limit on gax (g5, < 2.4 x 10' *)

Am? > 0.7eV?
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Non-Radiative Neutrino
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Neutrino Decay as a Solution to
Atmospheric Neutrino Problem

The idea that neutrino decay could have a role in atmospheric

. . . UNDPLC
neutrinos was first introduced in
What the Atmospheric Neutrino Anomaly is Not

J.M. LoSecco

Pure decay with no
. mixing or oscillation
| effects taken

Relative Event Rate
o

Cosine of the Zenith Angle
FIG. 3. Angular distribution of !, interactions for the neutrino decay hypothesis. The lifetime

was taken as!m = 0.033 sec/GeV to enhance the kect. The momentum is taken as 750 MV/c.
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Visible Neutrino Decay with Mixing
and Atmospheric Neutrino Problem

Neutrino Decay as an Explanation of
Atmospheric Neutrino Observations

L4y, Barger, 2J. G. Learned, °S. Pakvasa, and3T. J. Weiler

Am? > 0.7eV?
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Visible Neutrino Decay with Mixing
and Atmospheric Neutrino Problem

Super-Kamiokande data and atmospheric neutrino decay

G. L. Fogli, E. Lisi, A. Marrone, and G. Scioscia
Dipartimento di Fisica and Sezione INFN di Bari,

Via Amendola 173, 1-70126 Bari, Italy

Abstract

Neutrino decay has been proposed as a possible solution to the atmospheric
neutrino anomaly, in the light of the recent data from the Super-Kamiokande
experiment. We investigate this hypothesis by means of a quantitative analy-
sis of the zenith angle distributions of neutrino events in Super-Kamiokande,
including the latest (45 kTy) data. We find that the neutrino decay hypothesis

fails to reproduce the observed distributions of muons.
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InVisible Neutrino Decay with Mixing
and Atmospheric Neutrino Problem

I3l lserie +J 1 m? unconstrainec

Py =sin*" +cos*" exp(—&L/E )
+2sin?" cos " exp(—&L/ 2E) cos@m?L/ 2E),

two possibilities

T~

| m? unconstrainec Am? < 1074 eV?
P, ! 1) = gin? " + cos? " exp (" m/ 2# 4L/E )

l

distavoured by SK L/E analysis
compared to oscillations
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InVisible Neutrino Decay with Mixing
and Atmospheric Neutrino Problem
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InVisible Neutrino Decay with Mixing

and Atmos
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Neutrino Oscillation
Probabilities
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Two-Generations Vacuum

&= 2 g 2 2#! m§1L$
PIJZIJ = COS2 923—|—Sin 9236Xp(—m3L/T3E) — sin 2(923 eXp(—mgL/TgE) sin

1F

&® The exponential suppression reduces the surv. probability

& The reduction is both in constant as well as osc term

&® The mixing angle reduces the osc term of surv. probability

Effect of decay can be compensated by increasing the mixing
angle theta23

®
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Three-Generations + Matter

dv 1 % &

i— = — UM?U" + Acc 7,
| dt 22L& " | ”
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Oscillation Probabilities
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Impact on (923
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Impact on (923
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Constraints from T2K and NOvVA
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Constraints from T2K and NOvVA
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Dependenceon L and E

Atmospheric (L=9700 km)
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Atmospheric Neutrino Events
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ES” = 0.5-25 GeV, NH, 500 ktonyr, with decay in theory
Fixed parameters
Marginalised
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Sensitivity to Neutrino
Lifetime

Analysis type | #2 | ! 3 (eV?) ["3/m 3 (s/eV)

1 |1.69 10 °| 4.39 10 1©

2.712.78 10 °| 2.42 10 1©

Fixed parameters 4 [3.43 10 °| 1.97 10 1°

9 (5.31 10 °| 1.28 10 ¢

1 (2.97 10 °| 2.21 10 1©

2.715.82 10 °| 1.14 10 1

Marginalised | 4 |7.82 10 ©| 8.44 10 !

9 |1.58 10 °| 4.21 10
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Discovering Nu Decay

0.5-25 GeV, 3D, fix par, NH, 3-flav matt, 500 ktonyr, with decay

------------- Fixed parameters, ! ; in theory
------------- Fixed parameters, ! ; in data
—_— Marginalised, ! ; in theory
1 — Marginalised, ! ; in data
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will be able to discover neutrino decay at the 90% C.L. if3 > 25! 10 ° eV?
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Is/m3 > 1.86! 10 X geV
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Impact on 2, and sin° !
Measurement
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Impact on' 2 andsin !
Measurement

Eﬁb‘“’: 0.5-25 GeV, 500 ktonyr, NH, fixed parameters Eﬁb‘“’: 0.5-25 GeV, 500 ktonyr, marginalised
—e— Oscillation only ——e—— Oscillation only

—=— Invisible decay + oscillation, with decay in data and theory ——=s—— nvisible decay + oscillation, with decay in data and theory

[
o

H—l—lllllllllIIII|IIIIllIII|IIII|IIII|IIII|IIIIlIIII

2
ICAL
R N W b OO0 N O ©

U8

|I | |
25 2-32 2.35 _32-422-45 2.5 2.55 5 22 225 23 235 24 245 25 255
3, $10° (V) |°/<m§2| $10° (eV?)

N
RO
Mo F

ND

Decayv of Atmospheric Neutrinos Sandhva Choubey PANE, ICTP, 31/05/2018



Impact on Mass Hierarchy

Determination
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Impact on Mass Hierarchy

Determination

Decayv of Atmospheric Neutrinos

NH, E?*°= 0.5-25 GeV, sif,,;=0.5, marginalised

16
L —e— ;=0 eV?
14— = a,=1! 107 eV?
= u-- o,=6! 10" eV
12_— A a,=1! 10° eV
v ay=2351 107 ,:;zf:
10__ INO preliminary
3

4 A ..
L Mass ordering sensitivity falls
P '

6 8 10 12 14 16 18 =
Exposure time in years

Poster by Lakshmi S. Mohan

Sandhva Choubey PANE, ICTP, 31/05/2018




Conclusions

¥ Neutrino decay can give a zenith angle dependent
depletion of atmospheric events

¥ The zenith angle and E spectra can thus be used to
constrain and/or search for neutrino decay

¥ Atmospheric neutrinos with their wide E and L range are
very suitable for these searches

¥ Presence of decay will affect the theta23 measurements -
range as well as octant in all experiments

¥ Presence of decay will affect mass hierarchy measurement
in atmospheric neutrino experiments
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