Consframf ori Neufrmo Decay
ith Medlum-Baseline Reactor

o .Oscillation Experument?
ESos '_'.',l-rOSF\i‘ Ntfnokawa ¥,
' '-Deparfme'ﬁfﬁb . Physi £si. Ponhf' icia Umve sudade

Sty Pho
Cafollca do Rw-‘; -e'J{anen Ric Iog J n i' }r‘uzul

; B sed, on éollabrahon wrth T Nﬁ zhao, J§t ¢

-

, ’
] e
~ .

w N




Outline

Introduction

Current bounds on neutrino lifetime

Why JUNO/RENO-50 can do a good job?

Analysis Procedure

Results

Summary




Introduction
Open Questions in Neutrino Physics

Dirac or Majorana?

Mass Ordernig (Normal or Inverted)?

Neutrinos violate CP?

if 023 is maximal, if not, which octant?

what is the origin of neutrino masses?




Introduction

Open Questions in Neutrino Physics

Neutrinos have some non-standard (or exotic)
properties beyond the standard 3 falvor scheme?

For example,

Sterile Neutrinos

Non-standard Interactions (Irina’s talk)
magnetic moment

Lorentz/CPT violation (Enrioc’s talk)
Mass varying neutrinos

Neutrino decay
decoherence




Introduction

Do neutrinos decay?

Since we know that their masses are
different and flavors do not conserve,
in principle, they could decay




Introduction
Radiative decay like v; — V; + 7Y
can be induced by the effective Lagrangian,

1
L= 5172'0'043 ([I,Z'j = Eij’)’g,)I/jFa'B + h.c.

Uij (Eij) : magnetic (electric) transition moment

- 13
no L gl A+ lel? | mi - mj

T ST m;

Cosmological bounds by Mirizzi et al, PRD76, 053007(2007)
T > a few x (101 — 10%°) s

too strong to be of practical interest!



we must consider “invisible” decays

We can consider generic interactions (couplings)
between neutrinos and “"Majoraon” which allows
“fast” invisible neutrino decay

= gij?i%z/j,] T n.c.

J: Majoron (= golstone boson associated with
the spontaenous breaking of the lepton number)

=U£Uﬁj
T

T

coupling in mass base coupling in flavor base




According to Lessa & Peres, PRD75, 043001 (2007)

from decays of mesons and leptons

Gea| < 5.5 % 107°

9pua| < 4.5 x107°

gro] < 5.5 % 1074
at 90% CL.




Current bounds on neutrino lifetime
If i-th mass eigenstate can decay,

FE
(—) Ti : Lorentz dilated lifetime,
™m;

what we can constrain from
experiments is T/m




Current bounds on neutrino lifetime

Order of magnitude estimates

e (3)(2) o0

Neutrino source Typical L/FE T/m [s/eV]

Accelerator 500 km / 1 GeV ~ 1072
Atmospheric 10* km/ 1 GeV A2 Jaxe 10+
Solar 1.5 x 10® km/5 MeV ~ 1074

Supernova 10 kpc/10 MeV ~ 10°
AGN 100 Mpc/1 TeV ~ 104




Current bounds on neutrino lifetime

(1) /m; = 10°s/eV (SN1987A)

Frieman, Haber & Freese, PLB200, 115 (1988)

(2) T2/m2 = 104 s/eV (Solar)

Beacom & Bell, PRD65, 113009 (2002)

(3) ta/m3 = 107°s/eV (Atmospheric)

Gonzalez-Garcia & Maltoni, PLB663, 405 (2008)




Oscillation Probability with decay effect

4F

P(#, — U,) = 1 — cj5sin® 20,4 sin? (

Am%lL)

1 Am2, L
—s73 (1 — e_F3L) —3 sin® 2013 {1 — COS ( T;agm ) e_F%L}

Am?

_ Ol 2
atm — Am32 ~ Amsl




Current bounds on neutrino lifetime

Order of magnitude estimates

e (3)(2) o0

Neutrino source Typical L/E T/m [s/eV]

Accelerator 500 km / 1 GeV r 10722
Atmospheric 10* km/ 1 GeV ~3x 1071
Solar 1.5 x 10% km/5 MeV ~ 104

Reactor (L ~ 1 km) 1 km/5 MeV o 1074
Reactor (L ~ 50 km) 50 km /5 MeV ~ 5 x 10711
Supernova 10 kpc/10 MeV ~ 10°
AGN 100 Mpc/1 TeV ~ 10%




Oscillation Probability with decay effect

1.0 [ | | I I | I I | I I | I I | I I | I I | I I | I I

09 Normal Mass Ordering L =52.5km

Invisible Decay: 53 %;s +1]
(or decay into active v with strong energy degradataion)

Standard (no decay)
T,/m, =9.3 X 10" s/ev

- t/m, =20x 10" s/eV
T/m,=2.6x 10" s/eV

2 3 4 5 6 7 8 9 10
Neutrino Energy [MeV]




JUNO Experiment

O Jiangmen Underground Neutrino Observatory (was Daya Bay Il)
O Primary goals: mass hierarchy and precision meas.

> 20 kton LS detector, 3%/VE energy resolution
O Proposed in 2008, approved in Feb.2013. ~300M USS

Daya Bay . .
= K i ~60 km O Rich Physics

e UNO )
1.2 l Far Site J > Mass hierarchy
1.0 = -+t - - - = > Precision measurement

0.8 0L of mixing parameters

Savannah River Supernova neutrinos
Bugey .
Rovno Geo-neutrinos
Goesgen

Krasnoyark : Solar neutrinos

Palo Verde . .
Chooz ® KamLAND Sterile neutrinos

0.6

0.4

0.2

BOD> & XOXPp

0.0

! l l Atmospheric neutrinos

10° 10° 10"

[y
o

. Exotic searches
Distance to Reactor (m)

slide presented by Liangjian Wen at Neutrino 2014




Mass Spectrum: normal or inverted ?

normal hierarchy inverted hierarchy

_V2

/7 B
Vl

A ms,
atmosphereic




Location of JUNO

Status Operational Planned Planned Under construction  Under construction
Power 174 GW 174GW 174GW 174 GW 184 GW

o

¥ 2Ty K/i\ _ - Previous site candidate
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How the event spectra look like at JUNO?

We compute the number of events induce by the
inverse beta decay reaction v, +p — et +n

AN (Eyis) doi(E)
— ex e Ee
dE e P /m / a5 Cdet(Ee)
E,,,E

i=reac geo v

dEe P (Ve — Vea Lza E)R(Eea Evis)

n, : number of free protons {fexp : €Xposure
€qet - detection efficiency

Ee : positron energy  F : neutrino energy
do(E,,E,.)/dE, : IBD cross section

do;(F)/dE : differential flux of reactor or geoneutrinos




How the event spectra look like at JUNO?

Gaussian energy resolution fuaction

1
R Eea Evis = eX
( ) 2wo(E,) P
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event spect

ra look like at JUNO?

" Normal Mass Ordering

20 kt, 5 years, 100% efficiency
— 3% energy resolution at 1 MeV

- far reac only (w/o decay)

expected # of events w/o decay
N =14x10’
tot s
N _(52.5km) =1.3x10
reac 3 —
N _(far) =6.7x10
reac
N =24x10°
geo-v

standard oscillation
t/m,=5x10"" s/eV

t/m,=10"" s/eV

52.5 km reac only (w/o decay)

geo-v only (w/o decay)

(dN/dE) - (AN/B),

standard

—— 3% energy resolution
— — = 6% energy resolution
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Analysis Procedure

2 e 2 2 2
X" = Xstat T Xparam T Xsys

d Nobs d Nz-ﬁt \
dEyis 2, (1+&) dE:

En}ax
2 == i=reac, U, Th
Xstat :/ dEyis
0

dNobs
dEvis

£ i : normalization parameters




Analysis Procedure

4 : 2
2 — Z " — ;"
Xparam — 0'(:137,)

1=1

Tr1 = SiIl2 912, o = Amgl, I3 = SiIl2 0137 Lq = Amgl

2in

Am2,™ = 7.50 x 107%eV2, sin6;5 " = 0.304,
2 in

Am2," = 2.46 x 1073eV?2, sin20;3 " = 0.0218,

o(sin® 612) = 4.1%, o(Am32,) = 2.4%,
o(sin®f13) = 4.6%, o(AmZ;) = 1.9%.




Analysis Procedure

2 fit \ 2 fit \ 2
) +(on) +(o2)
ac O¢y O¢rn

o¢.... = 3% : reactor flux normalization uncertainty

Oty = Ofpy = 20%: geoneutrino flux norm. uncert.

o(E.) 3% (1+n)

(Ee +me)  /(Ee+me)/MeV

= 10Y%: energy resoluion normalization uncertainty




Sensitivity (expec'red bounds on lifetime)

I I AL | I I I I I I LI
. : Input: No decay, Normal Mass Ordering |
sin’),, = 0.304 20 kt, 100% efficiency

.2 .
sin' @, =0.0218 with all pull terms, 5 yrs
m221 —750x%x 10" eV’ w/0 systematic erros, 5 yrs

Input Parameters

> B

with all pull terms, 15 yrs

m’,, =246 x 107 eV’ _
w/o systematic errors, 15 yrs

N
a

99% CL

excluded by SK atm + LBL exp
at 99% CL

o
Q

90% CL

[E—
Q

10—10
13/m3 [s/eV]

t3/m3 > 7.5 (5.5) x 10-1! s/eV at 95 (99)% CL for 5 yrs
t3/m3 > 11 (8.5) x 10 s/eV at 95 (99)% CL for 15 yrs
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Sensitivity (expected bounds on lifetime)

expected bounds in terms of couplings

w3/ms > 7.5 (5.5) x 101 s/eV at 95 (99)% CL

> 13> 7.5 (5.5) x 10712 s (m3/0.1eV)

using the relation

167 -
T§~ Sz (assuming mg > my)

2
. g2 < 0.04 (0.06) [0 1‘;‘/]




Impact of decay on mass hiearchy and
oscillation parameter determinations

We consider (compare) three cases

(i) No Decay (standard oscillation fit)

(ii) No Decay for input but allowed in
the fit

(iii) Assume Decay for input
( 73/m3=10"1"s/eV ) as well as in fit




Impact of decay on mass hiearchy determination

25

o®
ﬂ
==
(\]
Q.
P
2
O
=
w
=

L /
6(Ax*) ~5
// Input: Normal Mass Ordering
Ve -
=7 Input: t,/m, = infinity or 10 VsV

Fit: Normal (correct) MO, standard oscillation
Fit: Normal (correct) MO, decay only in fit

Fit: Normal (correct) MO, decay in both input/fit
Fit: Inverted (wrong) MO, standard oscillation
Fit: Inverted (wrong) MO, decay only in fit

Fit: Inverted (wrong) MO, decay in both input/fit

D44 245 246 247 248
2 -3 2
Am® 1107 eV]

large impact only when decay is considered for input




Impact of decay on oscillation parameter
determinations

7.60— T | T T T | T T T | T T T T T T T T T ] 2.485— | T T T |

E_(a) sin2612 - Am221

- . 2 N
, 480: (b) sin 613 — Am 31

standard osc. fit B standard osc. fit
= decay in input — - = « «» decayininput 7
YRR — 2475¢ PRI

2470F
2.465F
1 =2460f
1 g [
< 24551
2.450F
B 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 1 | 1 1 I__ 2'445: | | | | | | | | | | | | | | | | | -
0.298 0.300 0.302 0.304 0306 0.308 0.310 0.018 0.020 0.022 0.024 0.026
)
sin2612 sin 613

e

no (small) impact for solar (13 sector) parameter




Impact of decay on oscillation parameter
determinations

How precisely the parameters can be determined after 5
years of operation?

parameter

prior error (%)

(i)

fitted error (%)
(i)

(iii)

Sil’l2 912
A72n%2
sin 913
Amiq

4.1
4.1
4.6
1.9

0.35
0.21

3.7
0.12

0.35
0.21
3.8
0.12

0.35
0.21
4.3
0.16

1+§rea.c
1+&u
14 &rn
1+n

3.0
20
20
10

0.50
12
13
0.9

0.20
12
13

6.0

0.51
12
13
7.1

no strong impact of decay in general




correlation between decay and other
parameters (2 examples)

p—
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(5

.2
(a) S1n 613 - t3/m3 fees decay in input (b) 0E(l-i-'n) - T3/m3 e decay in input

'1 1 1 1 1 | 1 1 | 1 1 | 1 1 | 1 | 1 1 1 1 | 1 1 1 1 | 1 1 | 1
0.018 0.020 0.022 0.024 0.026 0.020 0.025 0.030 0.035

sin2613 0E(l'm)

10

no strong correlations between decay and other param




All the other combinations
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0300 0.304 0.308 R 744 748 752 756 245 246 247 245 246 247 008 100 102 10 . | i 10

sin’6,, Am’,, (107 V) A’y [107 V7] A’ 107 V7] 148,
B o ——— standard oscillation fit (no decay)

20} input: no decays, fit: with decay input: -;3/m3 = 10"10 s/eV
. 30

input parameters

no strong impact of decay

strong newly induced correlation due to decay




Conclusions

Medium baseline (~50 km) reactor oscillation

experiments can provide best limit on t3/ms among all
experiments which utilize artificial neutrino sources

for 5 years of operation, JUNO can get bound as
t3/m3 > 7.5 (5.5) x 10" s/eV at 95 (99)% CL

for 15 years of operation, JUNO can get bound as
t3/m3 > 11 (8.5) x 10! s/eV at 95 (99)% CL

comparable to bounds by atmospheric neutrinos




Thank you very much

for your attention!




