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1. Introduction
Flavor and mass eigenstates in massive v SM
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Masses of Quarks & Leptons — Neutrinos are not heavy
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Tiny neutrino mass

Seesaw mechanism
1977 Minkowski; 1979 Yanagida; 1979 Gell-Mann, Ramond, Slansky

(), 7r) ( 7?1 o ) ( (;/;’)C ) + hec.
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o 1 M
~ Udiag(—m*/M,M)U U =~ ( —m/M m/l )

— 2 :
If m=1GeV and m“/M gives m,, M m2/M
then m, = m2/M ~ 0.05 eV
— M ~ 1010GeV

Tiny v mass may be a hint for
new physics at high energy

— Reason why v may be discussed in this Conference
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] _ Both hierarchy
2. Framework of 3 flavor v oscillation patterns are

allowed
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All 3 mixing angles have been measured:
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Both hierarchy patterns are allowed

Next task is to measure

i m2 V. ms
sign(Am2,,) , 1/4-0,, and & Normal3 2
Hierarchy
|
___m3 Hieg
Proposed experiments —m3 —

* T2HK(JP, JPARC-->HK)
L=295km, E~0.6GeV

* DUNE (US, FNAL-->Homestake, SD)
E~2GeV, L=1300km

e T2HKK(JP+KR, JPARC-->HK+Korea)
L=295km+1100km, 0.5GeV<E<1.5GeV
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cgn n Fukasawa, Ghosh, Yasuda,
Sensitivity of T2HK, v, @HK, DUNE NPB918 (17) 337

& their combination ToHK
T2HK+HK(atm)
& N DUNE
3 < T2HK+HK(atm)+DUNE
N
|| || 3
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T2HK & DUNE experiments are expected to
determine sign(Am?2;,), n/4-6,; and 10/24



3. Oscillation vs non-oscillation experiments

®neutrino oscillation

2 2

Am?2, =m?2 - m
X ’ X Only when
®neutrinoless double beta decay €= v has
2 . Majorana Majorana
mee=|2(Uej) mjexp(l - mass

@direct measurement

1/2
mB=(ZIUej|2m2j)

@cosmology

ij
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3.1 neutrinoless S
double beta deca D
y ‘=2 107'F KamLAND-Zen (**Xe)
— 2 : [ :
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1072
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3.2 direct measurement Strumia-Vissani: hep-ph1060605_4l
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3.3 cosmology
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Capozzi, Lisi, Marrone, Palazzo,
arXiv:1804.09678v1
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4. Beyond the standard 3 flavor framework

4.1 Light sterile neutrinos (vg)

Light sterile neutrinos have been phenomenologically
motivated by:

LSND anomaly

Reactor anomaly

Galium anomaly

4.2 Flavor dependent Non-Standard Interaction in
propagation

NSI has been phenomenologically motivated by:
Tension between Am?2,,(solar) & Am2,,(KamLAND)
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4.1.1 LSND anomaly | LSND+KARMEN2 [T]

® LNSD experiment Vi — ;e Al
@LANL

| %
4 g
Am?=0(1)eV?, sin’20=0(107?) ??

SK atm combine

Region with N =3
oscillation
“-U““"'/ solar+KamLAN

000001 0.001 001 0.1 1
/ sin220

It cannot be explained by N, =3 oscillation’
— LEP data

— N =3 active light v

— 4th v must be sterile
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LSND was true?

MiniBooNE @FNAL
Experiment which tests LSND
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>
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LSND was right?

Sterile v oscillations!?

17/24




4.1.2 Reactor v anomaly Mention et al (2011); Huber (2011)

Recent reevaluation of reactor v flux suggests affirmative
interpretation of V. — . oscillation at short distances

(new flux)= (old flux) x 1.03

Bugey(reactor Ve — Ve )1 > Bugey(reactor)+etc:
Negative w/ old flux > Affirmative w/ new flux?
1{]2E S — — S | 102IE .
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S| Y
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£ =
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Al Allowed region@90%CL o
10.210'3 1{;'2 1c;'1 10° 10.1;0'3 16‘2 1(;‘1 10°
sin220 sin220
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4.1.3 Gallium anomaly

Gallium radioactive source experiments

p(measured)/ p{predicted)

R = blweaswred) g g9 4 ().05(10)

p(predicted)

Giunti-Laveder, 1006.3244v3 [hep-ph]

Results of the Ga radioactive source
calibration experiments may be
interpreted as an indication of the
disappearance of v, due to active-
sterile oscillations.
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4.2 Nonstandard Interaction in propagation

Flavor-dependent Non Va Vg
Standard Interactions:
_ afS - u g / f f
£€ff - GNP Yo} LB f%““f neutral current
non-standard
1 interaction

f=e,uord

Modification of matter effect

d Ve [ 1|+ €ee Ceu Cer | Ve
i@ v, | = |Udiag (E4, Es, Es) It 4+ A €y € Enpr Py

Vr €re €ru Crr

A =vV2GpN. N. = electron density NP
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e Tension between Am?,4(solar) &

Am?2,,(KamLAND)
SK 1| -1V b' d NoW201
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Tension between solar v & KamLAND data comes

from little observation of upturn by SK & SNO

Gonzalez-Garcia, Maltoni, JHEP 1309 (2013) 152

Standard scenario w/

Am2,4 by KamLAND
—21-
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Gonzalez-Garcia, Maltoni,

Tension between solar v JHEP 1309 (2013) 152
& KamLAND data can be
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5. Summary

1. To complete the standard 3 flavor scenario,
we still have to determine:

® Mass hierarchy (important to determine o)

® 053-1/4

® 5
Future LBL experiments are expected to
determine these parameters.

2. Currently there are several hints for
deviation from the standard 3 flavor
scenario. Research on sterile neutrinos and
NSl is in progress and it may give us a hint

for physics beyond SM + 3 massive v.
24/24
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Capozzi, Lisi, Marrone, Palazzo,
arXiv:1804.09678v1

LBL Acc + Solar + KamLAND
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LBL Acc + Solar + KamLAND + SBL Reactors
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LBL Acc + Solar + KamLAND
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Capozzi, Lisi, Marrone, Palazzo,

arXiv:1804.09678v1

Table 1: Best fit values and allowed ranges at No = 1, 2, 3 for the 3» oscillation parameters, in

either NO or [0. The latter column shows the formal
as 1/6 of the 3o range divided by the best-fit value (in percent).

“lo accuracy”

for each parameter, defined

Parameter Ordering Best fit lo range 20 range 30 range “10” (%)
dm?/107° eV? NO 7.34 7.20 — 7.51 7.05 — 7.69 6.92 - 7.91 2.2
10 7.34 7.20 - 7.51 7.05 — 7.69 6.92 - 7.91 2.2
sin” Ay NO 3.04 2.91 - 3.18 2.78 — 3.32 2.65 — 3.46 4.4
10 3.03 2.90 - 3.17 2.77 — 3.31 2.64 — 3.45 4.4
sin” fy3,/10~* NO 2.14 2.07 - 2.23 1.98 — 2.31 1.90 — 2.39 3.8
10 2.18 2.11 — 2.26 2.02 - 2.35 1.95 - 2.43 3.7
|;‘3'm'3 E.f"lﬂl_3 eV? NO 2.455 2.423 - 2490 2.390 — 2,523 2.355 — 2.557 1.4
10 2441 2406 — 2474 2372 - 2507 2.338 — 2.540 1.4
sin” 63 /107! NO 5.51 4.81 - 5.70 4.48 — 5.88 4.30 — 6.02 9.2
10 5.97 5.33 — 5.74 4.86 — 5.89 4.44 - 6.03 4.8
o/m NO 1.32 1.14 — 1.55 0.98 - 1.79 0.83 - 1.99 14.6
10 1.52 1.37 — 1.66 1.22 - 1.79 1.07 - 1.92 9.3
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LBL Acc + Solar + KL + SBL Reactors + Atmos
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LBL Acc + Solar + KL + SBL Reactors + Atmos

AM? [10° eV?]

- [T T T 1 | T T 1 | T T T ] [ T T T 1 | 1T 1T 1 | T 1T 1] [ [ | T 1T 1 | T 1 ]
ol ] il ] il a1z
’ T L L L T L L L L T ] - - — — _ 'D
F e L] - ] - 13
- T, - TAY . - Fa¥ 13
D ] — : : — — I A\: - L
- 1 F ) 10
o, RO - . : — - p s — a
E e g E o1 12
o ] l 20_— ll 13
s o 364 r 19

A
~ ha

AM? 107 eV?]

RN
& » A
- . - LA
. = = -
- = = .
= = - =
= - - :
) - . G
e - E) .
P o
i an

..............
.........
. -y

,,,,,,,
" ]
............

IIII|IIII|IIII|IIII|IIII
BuliepiO pauaAU|

||||||||||||||||||||
YL
A" e,
+ -
. .
1 -
! '
1 |||
||||||||||||II|IIII|IIII

=/
o TTTd

|
0.02 0.03 004 0.01 0.0z 0.03 004 0.01 0.02 0.03 0.04
5in2EJ13 sianl13 sinEE}13 /24

—



ol

o/

LBL Acc + Solar + KL

N ) I B

|||||||||||

||||l.-'|'|||-||||

Capozzi, Lisi, Marrone, Palazzo,
arXiv:1804.09678v1

+ SBL Reactors + Atmos

IIIIl:I'.__IIIlIIII IIIIL:'[r_‘IIIlIIII

IIII|IIII|IIII|IIII
BulapiO |BWION

IIII|."I‘III|IIII IIII|IIII|IIII

sin’e,,

IIII|_.I-;_III|IIII

= -
= =
= =
= -
- -
= =
- N
L
o

IIII|IIII|IIII|IIII
BuliapiO papaAU|

01 0.02 0.03 004 0.01

0.02 0.03 0.04 0.01 0.02 0.03

. D .7
sin 8,13 sin 913 5/24

<
=
=



ol

ol

2.0

0.0
0

LBL Acc + Solar + KL

III|II:'II|III1:|III

............

N RS A

Capozzi, Lisi, Marrone, Palazzo,
arXiv:1804.09678v1

+ SBL Reactors

IIII|I|_|,LP"|IIIt|III

[
=

30

III|IIII|J-'r"I"J|IIII

+ Atmos

III|I_4I

I'1:III

Fiwa
||||||||

T T T L FTFI ]

3

04 0.5

sin‘e,

0.6

=

IIllllllllill.d--l.__‘lllll
I'I. a

Il'i -
. -
., -
i, .
ia, -

w &

s

04 05 06
-
sin 823

=

I|IIII|II_IFI|I
.1‘1” "

- -
* 'ﬂ [
* =

'1.‘ =

TP

(%)

04 05 06
. 9
sin [—]23

o
=

BuuapiO [EWION

BuuaplO pauaAU|

36/24



o

Mgy (eV

i i Capozzi, Lisi, Marrone, Palazzo,
5 E arXiv:1804.09678v1
107 E
107 E
- N E
107" 1
15 T T T T TT1 T T T IIIIE 1EII” T T TTTTIT T T T TTTIT IE
107 = 107 E
1072 = = 10"25— E
_10—3 L1 L1111 10—3 el For s nnl Ll 1
1 1072 107" 1

mg (eV)



	スライド番号 1
	スライド番号 2
	スライド番号 3
	スライド番号 4
	スライド番号 5
	スライド番号 6
	スライド番号 7
	スライド番号 8
	スライド番号 9
	スライド番号 10
	スライド番号 11
	スライド番号 12
	スライド番号 13
	スライド番号 14
	スライド番号 15
	スライド番号 16
	スライド番号 17
	スライド番号 18
	スライド番号 19
	スライド番号 20
	スライド番号 21
	スライド番号 22
	スライド番号 23
	スライド番号 24
	スライド番号 25
	スライド番号 26
	スライド番号 27
	スライド番号 28
	スライド番号 29
	スライド番号 30
	スライド番号 31
	スライド番号 32
	スライド番号 33
	スライド番号 34
	スライド番号 35
	スライド番号 36
	スライド番号 37

