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First Day

Neutrinos are interesting!
Research is international.

Your contributions are essential.

Let’s begin the exciting

symposium on neutrino frontiers!



Program Outline

. Monday (+Tuesday)

. Mainly, on-going projects with artificial neutrinos (accelerators,
reactors, etc..)

. Tuesday

- Mainly, on-going projects with natural neutrinos (Sun,
Astronomical sources, + more ---)

- Young Physicist talks

. Wednesday

. Theories, dark matter & B B, Exotic search

. Thursday

- Mainly future projects, 8 8 and synergy with cosmic neutrinos
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Neutrino Programs in this symposium

Accelerator

+YP talks

Reactor Natural v

. DANSS
. JUNO
. KamLAND

Theories

eptogenesis
. New Physics in LBL

. Dirac or I\/I%jorana

BB

. KamLAND-Zen

Atom & Cosmic v

. Simons Array




The future program
is rich.

‘We look forward
to the results.
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MINOS, MINOS+, and NuMI

Sterile neutrino bounds

MINOS Proposed 1995
Main Injector 2000
Beam data 2005-2012

MINOS+ 2013-2016

€ Far Detector (FD) o
€ 735 km from target
€ 5.4 kt, 8m octagon
L 2
L 2

—

n axis

~1.2 T B field

Segmented, sampling, iron/scint.

tracking calorimeter Near Detector (ND) on

1,040 m from target

~1.2 T B field

L X X X X 4

2-horn focusing 185 kA

2). graphite target (movable)
Up to ~600 kW beam
3.5x10'3 ppp

1.33 s cycle time

A X X X4

NuMI reconfigured for NOvA 2013

axis

1kt, 4m “squeezed’ octagon

Same technology as FD

« MINOS and MINOS+ 90% C.L. exclusion
limit over 7 orders of magnitude in Am?,,

o 3 T T rrrrr T T T T T TrrT T LR RS -
+ Improvement at large Am?,, over previous 10 il S '
MINOS result due to: 102: o
- Near Detector statistical power
- Sensitivity to normalization shifts 10”_
- Improved binning around atmospheric dip .
in Far Detector ‘% 1k
. Increased tension with global best fit € 10k
) ) 2 < E  __MINOS & MINOS+
- Displayed here with |U_,|"= 0.023 F damso%ClL.
[ —MINOS 90% C.L.
107°E —iceCube 90% C.L.
i . E — Super-K 90% C.L.
« Posted to arXiv:1710.06488 and submitted L WCOHS 90% CLL.
103 [NCCFR90%CL.
to PRL E  IISGBOONE + MiniBooNE 90% C.L.
- See arXiv paper and ancillary materials for 4: -Ga"mofl s WTL o
more details 10104 1072 1072 107" 1
sin(6,,)

. Final year of data is still to be analyzed

"S. Gariazzo, C. Giunti, M. Laveder, Y.F. Li,
E.M. Zavanin, J.Phys.G43, 033001 (2016)

K. Lang, U. of Texas at Austin, Results from MINOS and MINOS+, Int. Symposium on Neutrino Frontiers, ICISE, Quy Nhon, July 16, 2018

Super-Kamiokande
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K. Lang, U. of Texas at Austin, Results from MINOS and MINOS+, Int. Symposium on Neutrino Frontiers, ICISE, Quy Nhon, July 16, 2018

Supernova Relic Neutrino in SK-Gd

24

» International collaboration ~120 collaborators in 10 different 7R 54 s SR R R AR LR B DA RE R S R
countries = = o7F Expected total BG
i E Tv = 6MeV ]
g 0.6 Tv = 4MeV B Dependence
e © - 3 on the typical SN
m{;-. uls Q OSL_ T\' = 19873 ] el
P E 1 emission spectrum
) *2 0.4 :+ +_+_ =
» Build in 1996 =~ pdc Ny R =
3 03k = —— ]
» Underground detector T e E
02? T T P =
1km under lkeno . —— — ]
0.1 — —
mount (lkenoyama): For Sol i vsi E S — 3
Overburden: St o0y &0 SR SIS S N T N TP P P e o s ==
— Uverburden: i . Ph Periog | Livetime | - Fiducial vol. #of | Energy 010 12 14 16 18 20 22 24 26 28
2780 m.w.e particle S| e, (days) (kton) PMTs | thr.(MeV) Total ( it ) MeV
~ W.e. otal (positron) energy Me
SK-1 | ears | 1496 | 45 S R T 7 ~ r—
» 50 000 tons of pure 20017 O N HDB 10-16 MeV | 16-28 MeV | Total significance In events/10years
4 2002.10 ~ 5182
water Cerenkov SK-I1'| “5005.10 791 (20%) 6.5 Te{f 8 MeV 11.3 19.9 . 31.2 . 530 Signiﬁcance is
detector Cerenkov light S| 2987 | 548 | 22 0acMeY) 45 Ter 6MeV | 113 135 248 430 determined with
2008.8 16.5 (<5.5MeV) p— T 4 MeV 77 48 125 250 :
» Analysis and hardware 225 (>5.5MeV) | (40%) eff . : a j 326 | L 2 energy bins
. SK-IV| 20089~ [ 2860 | 16.5(45<E<5.5) 3.5 Tesr SN1987A 5.1 6.8 11.9 210 o
regularly lmproved 8.9 (<4.5MeV) . BG ¢ 10 24 i 34 * Horiuchi, Beacom and Dwek,
R . coverage) (Kinetic e
since the construction total 5695 days energy) . Phys Rev D 79 083013 (2009)
Vietnam 2018 symposium, July, 2018 3/22 pronost@km.icrr.u-tokyo.ac. jp 7 Vietnam 2018 symposium, July, 2018 14/22 pronost@kn. icrr.u-tokyo.ac.jp




‘Thé 1§t Internatlonal Symposium on Neutrino Frontiers 2. GAMMA-RAY (LaBr SPECTRUM)

ICISE Quy Nhnn, V|etnam 8 S 0 S + Referring to HPGe spectrum, each peak in LaBr spectrum is identified.

25000

i -. > + LaBr data has time information, then spectrum with neutron energy cut is also obtained.
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'Improvement of neutron-oxygen reaction model
4 :

1500 |-
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for neutrino neutral current interaction study e R e

QDC Channel

The MlcroBooNE expenment at Fermllclb First v -Ar CC inclusive cross section

X ._ First absolute cross section from MicroBooNE:
Aliquid argon time projection chamber(LArTPC) _ o : : ,
= Charged current ¥, 0n argon, inclusive of all interaction modes & final states
to study neutrino interactions in micro detail H
... as function of reconstructed y momentum: ... as function of reconstructed p angle:
MicroBooNE Preliminary MicroBooNE Preliminary

—— GENIE Default + Emp. MEC (Stat. Unc.)
== GENIE Alternative (Stat. Unc.)
¢+  Measured (Stat. ® Syst. Unc.)

——— GENIE Default + Emp. MEC (Stat. Unc.)
E== GENIE Alternative (Stat. Unc.)
t Measured (Stat. ® Syst. Unc.)

do/dcos(e:fc") [10% cm?)

iy
LI L L L B B L |

05
1
Beam direction  Wteraction T - . : 1
[ — Vertex 7;3 . pLeCO [Gev] COS(GLSCO)
&
NEW RESULT: First Muon-Neutrino Charged-Current Inclusive GENIE Empirical MEC= :)‘(’C ,’7’;’; g”;"c‘[’ﬁi efg;
Differential Cross Section Measurement for MicroBooNE Run 1 Data
Public note: MICROBOONE-NOTE-1045-Pub (201 8) Alternative = theory-motivated MEC & more recent
N iy, i R B 8 ’ models for CCQE, coherent, resonant reactions
ache arr, Tor ICrObOO

Rachel Carr, for MicroBooNE 12
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I he Daya Bay Experiment

EH3
1540m from Ling Ao |
1910m from Daya Bay W
860 m.w.e overburden

F
' 470m from Ling Ao |
265 m.w.e overburden

3 Underground
Expenmental Halls

.

Ling Ao Il Cores
Ling Ao | Cores

m 17.4 GW,, power
m 8 operating detectors
m 160 t total target mass

Near Detector

Far Detector
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Oscillation Results from 1958 Days

* Uncertainty of sin?20,; and Am?_: 3.4% and 2.8%
» Statistical uncertainty contributes 60% for sin?20,; and 50% for Am?,

510 o,
E 1.267Am? L
s Pgg, >~ 1 —sin?260;3 sin? = ——— " _ solar term
—4 E
q2 O N s o e O e S s Y
2.8:—-- . 1.00: !
5 | —— Best-Fit |
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24
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sin?26,; = 0.0856+0.0029
|Am2,,| = (2.52+0.07)x10-3 eV?

S — Rate+Spectrum =
= 4= --- Rate-only =
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I I I b —" ) ] L I I
L  Rate+Spectrum - {
gor + Rate-only 1 i
= B oy [ 99.7% C.L.
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o I , ‘ | B 68.3%C.L.
E | " 1
o T 1
— ! .'
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'.- Lo gsoy ey PR S | 1 pas el | |
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sin220,; = 0.0896 % 0.0048(stat.) £ 0.0047(syst.)
|Am,2| =2.68 £0.12(stat.) £0.07(syst.) (x 103 eV?)



Type-III - dilepton channel 2045 . Type-III - dilepton channel . .5,

o pp i 20 Zi 3 1 —rl L L] L] 1 l ] L] L L] I L] L] L] L I 1 1 L] L I L L ] L] l ﬁ

« Opposite and same -sign optimised independently. & - ATLAS Preliminary1 ----Expected 95% CL limit 3

« Two resolved jets in final state. M(j,j) consistent with W mass and Eymiss, S [ Vs=13TeV, 79.8 fbr EXPeC:eg :'m': f ;‘5 -

« Scalar sum of pr(¢), called Hr, and Er™s are combined as primary discriminant. b i - O)t()‘;z(r:vz d 'gn;:, % -CI:, limit I

» 21 = i
Opposite-sign Same-sign 2 W — Type-lll seesaw
pp g g I :
o . ]
q S - :
E 10°F E
o g ]
_ Q - .
q Q. N 4
—
= -3
08 (171~ = et * oty ptut) . O 107 o
TU[) (‘R z + Jots \'R ‘ "I’-U z—.R \‘" °\° E | ISP O ST ] Y VAN AN VO et NN ST WY VAN NN (e WY Y R AN [N WY WG ST W 5
N (jet) >2 22 22 >2 & 200 300 400 500 600 700
N (b-jet) >2 0 ‘ 0 0
mj; 1GeV] [60,100)  [60,100) [35, )) [0,60) U [100, 300) | [60,100) m(N Li) [GeV]
medGeV] [110,) [70,110) . 100, xc) [100, 2c) ’
:\w&’;;f-‘-: ; >5 >5 >5 >75 « All channels are combined to derive the final limit.

PLEp men . . . . .
s ; 11((":(-\\"]} ([16& :;)) « Assume “flavour democratic” scenario with equal branching ratios to all
o e Y .

Hy 4 B [GeV]|{300,20) {300, 0c) (300, 500) (300, o) 1eptonlc decays.

Federico Scutti 16.7.2018 19 Federico Scutti International Symposium on Neutrino Frontiers 16.7.2018 21

How to increase sensitivity

Add one more detector (Initial proposal).

e/ 4

4 4 2
L7 10 ¢ —
Hg target = Neutron . From the stats report of 2014 | 2 | pecsin e
B and Neutrino source o - L (arXiV . 1502.02255) ~" : — JQ‘S'SG
— 510_ 7] LSND $0%CL
i - [ LsND 99%CL
. — - 50 tons of total volume BT o o SHE Nl ey OPERA(2013) 90%C.L
7t Gd-loaded liquid scintillator 5 fd Ki 5 :
4.6m diameter x 3.5m height) - > years of data taking )
193 8" (inner)+ 48 5" PMTs (veto) -1 MW Beam power 1}
On-going effort to get o _
SOV wulstd avoten budget for second detector E
beam .
. . . . . . . ope .z - ~ _— - "'l - — l - - — l
Quick start-up is possible due to use exist building and beam line facility LB 10° 10° 10" L3
1 O Jungsic Park, KEK ISoNF 2018 16

Jungsic Park, KEK ISoNF 2018 9



The case for the missing right-handed neutrinos

@ A sense of "doom"” seems to pervade over the particle physics
community: After spending billions of dollars building the LHC, the
only thing that we have found- and that "may be" all- is the SM
Higgs? No signs of Physics beyond the SM (BSM)?

@ Patient please! We still have a few more years of data taking and
data analysis. Who knows what will show up? This is what this
workshop is all about!

e First of all, it is far from clear that the 125-GeV scalar is the lonely
SM Higgs.

@ Secondly, it is not true that we have not seen any sign of physics
BSM: neutrino oscillations = neutrino masses = BSM = Most
likely the existence of right-handed neutrinos vg.

@ Where are they? There are indirect experimental proofs that they
exist. Have we been up-until-now going on a 7

Conclusions

Theoretical and Experimental aspects of the Electroweak-scale right-handed

What does theEW'—vwaIe_ v odaccom plish?

@ The EW-scale vgr model provides a test of the seesaw mechanism at
collider energies since /'s are now and I Rich studies
involving the search for the mirror sector at the LHC with in

particular characteristic signals such as

Mirror fermions are !

@ There seems to be a between
and in the solution to the strong CP problem.
° : The EW-scale vr model evades the N-N

theorem and one can now study EW phase transition on the lattice.

@ If space is indeed discrete at the Planck scale then the
Nielsen-Ninomiya no-go theorem requires the existence of mirror
fermions. Deep implications for Quantum Gravity?

Theoretical and Experimental aspects of the Electroweak-scale right-handeg
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The STE R EO experiment arXiv:1804.09052, STEREO Collaboration

Exclusion contours Phase-14+I1l combined

6 cells segmented detector

T T T T
— No oscillation
—— Furthest cell

—— Closest cell

ILL reactor
core

~10m

Spectra (arbitrary norm)

1 2 3 4 5 6 7
Visible energy (MeV)

1- Designed to probe the RAA region by measuring relative arXiv:1512.06656, C. Buck et al

. . _ . > 1.2F
distortions of the e energy spectrum as a function of the 2 ™ proecid ot using HuberHoogspcte
distance [9—].1m] g 1'155- event excess in U*® only
E 11 g‘ —+4— excess in all isotopes T T
v" Independent from predicted energy spectrum g 1,05 ey "I”*#/J-iﬁ"ﬁ
09K -~ o] E 4| & 2 I
2- Measurement of a pure “?°U . energy spectrum g ; o
@ 0.95F by
— Help to understand Daya Bay results s ool L «%«#j: I
— Could indicate if the bump is related to 235U o 0.85t
T =% 3 4 5 6 7 8

antineutrino energy [MeV]

10!

- - . . T
[ Phase: | + Phase-ll Prellmlnary | |
combined results | p -
(66+447) days reactor-ON : —_
(396 & 4) e day~! | :
Considered as two ( / |'
independent measurements: N gld
— — ¢
X_2>:X%(O‘I)+X%I(O‘II) & /// . N
aj #arjg 3 ~ o ==
% ’\/ ‘e
g -
. g N —
m Raster-scan approach (AZ, slices) .y
—— RAA95%CLL.
1 — = RAA99%C.L.
m Ax? distributions estimated *  RAA: Best fit \\
by MC pseudo experiments =
y P P STEREO Phase | & II *-qi
[0 Exclusion: 90% C.L.
. 3 Exclusion Sensitivity: 90% C.L.
m Best-fit value of the RAA

10!
sin?(20ee)

1072

rejected at 98 % C.L.

T.Salagnac ISoNF - Search for a light sterile neutrino with the STEREO experiment 4/20

Detector site

N. Skrobova | Search for sterile neutrinos at the DANSS experiment

Below 3.1 GW
commercial reactor
~ 510" v.-cm?c' at

detector position

KNPP - Kalinin Nuclear
Power Plant, Russia,
~350 km NW from Moscow

DANSS on a lifting platform
A week cycle of
up/middle/down position

154

Suppression
Factor

No flammable

or dangerous materials — can be put just after reactor shielding
10 34—
Reactor fuel and body with cooling pond and other reservoirs

provide overburden ~50 m w.e. for cosmic background suppression

Lifting system allows to change the distance between the centers
of the detector and of the reactor core from 10.7 to 12.7 m on-line

Zenith angle
[degree]
r T T T 1

The top % 60 0 0 30 60 o
position corresponds to ~15000 IBD events per day for 100% efficiency ©osmic muon suppression measured

12
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T.Salagnac ISoNF - Search for a light sterile neutrino with the STEREO experiment 19 / 20

Preliminary results

Exclusion region was calculated using Gaussian CLs method (X.Qian et al. NIMA,
827, 63 (2016)). CLs method is more conservative than usual Confidence Interval
method

Systematics studies include variations in:

Burning profile in reactor core <
Energy resolution +10% =
Level of cosmics background 0.5% E
Energy l

intervals used in fit (1.5-6)MeV

Systematics is small

A large fraction

of allowed parameter region is excluded
by DANSS results using only ratio of

e’ spectrum at different L (independent
on v spectrum, detector efficiency,...)

- DANSS plans to collect more data and
to include into analysis all available data
- Detector calibration and systematics studies will be continued

_,| DANSS preliminary 90%, 95% CL

), 95% CL

| —fe- All v, Disappearance Expts (Menti
maly 95

—— All v, Disappea s
Gallium Anomaly (Kopp), 95% CL

107"

N. Skrobova | Search for sterile neutrinos at the DANSS experiment 14



Borexino experiment

. , '7-

« @ LNGS, 3800 m.w.e.
e Center detector:
e Liquid scintillator + PMTs

Important characteristics

.
»
)
.
-~
-
-
-
-
~
-

e 0e5%,0v10cm @ 1 MeV
|V ~300 ton, FV ~75 ton
e LS 288, 232Th ~ 10-19 g/g

Latest Phase-Il results and Prospects of CNO, Xuefeng Ding 5

New Results from IceCube
and Future Prospects

Erik Blaufuss
University of Maryland
for the IceCube Collaboration

International Symposium on Neutrino Frontiers
ICISE, Quy Nhon, Vietham

Photo credit: J. Werthebach IceCube/NSF
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Introduction

electrically neutral
essentially massless

information about the origin of the Universe.

Neutrinos interact weakly so they can travel very long
distance and are not deflected by galactic magnetic field.

Direction of arrival points back towards their origin.

P. Ha, Towson Univ. ISONF, Quy Nhon, VN 2018

OPERA experiment

Neutrinos are important messengers that give us useful

CERN Neutrlnos to Gran 5asso

--------

e Probing the quantum structure of space-time.

o Rules out e.g. large new dimensions at low scales.

Center-of-mass energy /s [GeV]

v.'-”l

31 10° 10* 10°
1() = J—  mann e am am m m | - Y ™rrTTYYy | Y Y'Y, - ’.
“A A A A g
E LEP Tevatron LHC FCC é
1 > GZKy 2"}
10732 L <
10733 |

IceCube 6-year
HESE showers

A A.Ala'

Neutrino-nucleon CC cross section | ”S +cr§§]/ 2 [em?]

Neutrino energy E, [GeV]

Bustamante & Connolly: arXiv:1711.11043

-=-== Gandhi 98
1034 - /}‘;‘ Connolly 11 -
;/ ; ==== Cooper-Sarkar 11 ‘
: e Block 14 v 1
I — Argtelles 15 v |
1035 L 1 W ERPEENOY IS INPOPT | AN SN
1004 10° 100 107 108 10° 109 10" 30

SIGNIFICANCE OF THE V. APPEARANCE
PHYSICAL REVIEW LETTERS 120, 211801 (2018)

signal

true bkg .
strength (floating param.) uncertainty
- on exp bkg
. AV 4 n. T
- RS = L(p, Be) H Pois(n.|ps. + B ch Tei) H Gauss(b.|B., 03, )
c=1 i=1 l
expected BDT expected
channels } signal response bkg
obs events
in the ¢th
«10° channel
. - £ S 3 -
. . 308500l .rl-",._m\ I v (arbitrarv units) . . . . . f, (J',,] — I[‘ ‘4 l’l)l sig 4 . “ 3 l’l)]"l"kk
<Ev> 17 GeV ém { N Amte244x10%eV? Test statistic: Likelihood ratio —_ HSe T Pe HSe T Pe
E o = . ;
L/E 43 km/GeV : | & l Results: = 1.1f8:2 .
(Ve + Vo) [ v, 0.9 % 2 %00 L
V_u / Vi 2.0 % g Fic.. l)value =4-10" -
v, prompt Negligible &) 20E-
v, fluence M * 15
: ol ‘Slgmﬁcance =610 | |
P(vu—>vr)~sin2(2¢923)-sin2(1.27-Amzﬁ-E)~1.77% i iEabees 1/ A\ |
_ ) ) ] o590 15 20 25 30 35 40 4(560\;;6 S S SSE— —————
Sln22923 = 1.0, Am232 = (2.4310.13)X10 3 eVZ Signal Strength p
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WAGASCI PROJECT OVERVIEW

s s 3 3 R PRy
Major Neutrino interactions
T2K Near Detector
Vi I . .
. ' Charge Current Quasi Elastic (CCQE) e Cross-sections e
Configuratlon Plan - Neuclon changes but doesn’t break-up -
V+nDdf¢ +p 12 | Total (NC+CC)
" P CC Total
v, 1~
\/ CC Single Meson Resonance (RES)
Wt _n Neuclon excites to resonance states
\ mnmlnl,‘ ' ar ¢ p Aﬂ p v + N 9 ‘g + N, + T': (n, K)
Baby MIND ():n e b I:Xm ‘ Zt:()m .2;)'5k|n
WAGASCI Side-MRDs i s ) Deep Inelastic Scattering - E
Neuclon breaks up i~ angie 1
Proton Module More later about detectors VAN £ +N+ma (), K) ol e
Hadrons E, (GeV)
WAGASCI detectors are located July 17, 2018 ISONF, Quy Nhon 7
at 1.5 degree off-axis
while ND280 located at 2.5 degree off-axis.
Introduction .
Beam Induced Fluorescence (BIF) monitor
T2K(-1l) and NOVA experiments
( ) O P Uses fluorescence induced by proton interactions with gas injected into beamline.

. . ) I ) Transverse profile of fluorescence will match its of proton beam
Off-axis long baseline neutrino oscillation experiments

L
¢ SO—
Proton beam ° = Proton beam

Fluorescence induced by
proton-gas interactions

Ash River

Beam
window

e Taken frc?m GSl,
Proceedings of DIPAC 2007
I af—w A
Fiber bundle A 1D profile resulted when
A viewing from the side

60

Light transport
& focusing

Dark box ==

Ju
)
&

8

aver. pixel
1o o35G

Photon
detector

80 -40 -20 [J 20 40
horizontal profile [mm]

o KAMIO

BIF is under development at J-PARC v beamline with some requirements:

* Localize gas in the beamline: gas normally ~ 10-¢ Pa, is not enough to see BIF signal. Gas
H/mm/, "_"\QR\" need to be injected & pressure increased but only near measurement point
K10 ke
* Space charge effect: fast readout is an option = use e.g Multi-pixel photon counters (MPPC)
* High radiation environment: e.g. MPPC is not radiation-hard — need to operate at sub-
tunnel. Also optical fiber need to meet this requirement = choose silica-core optical fibers

T2K(-11) experiment NOVA experiment
5/17 CP-violation in Lepton Sector with a Combined Analysis of T2K-| 1 5 ISONE Quy Nhon, VN 2018 =




r D
The vMSM, Dark Matter Overview EN

. and Neutrino Masses ) =
[ Neutrino

Masses

Takehiko Asaka (Niigata Univ.)

Right-handed Neutrinos

The 14th Rencontres du Vietnam,
International Symposium on Neutrino Frontiers Dark Baryon Asymmetry
(16-19 July, 2018, ICISE center, Quy Nhon, Vietnam) Matter of the Universe

Why people like Lorentz invariance

LV search using atmospheric neutrino @SK
Benjamin Quilain

* Do likelihood fit on all the atmospheric samples

Benjamin Quilai

* Lorentz invariance is one of our most fundamental symmetries

— underlying all our physics laws! assuming LV Up-u Showering ~ 1 TeV ] ?

020 ]

» What are the consequences of breaking the Lorentz invariance ? S E{a,tfv/ A’ =102 GeV

815 Lvw c'“u‘:t =75x10% 1

* 1. Physics depends on the observer referential 2 1 i =" Fm@ere) ERl 1
— Measure different mixing angle 0 at different time of the year... g‘-o —.—+‘ $_ T ' W 1

o 10’10‘“ 1077 10% 10* 10* 1o3 10"50‘

» 2. ¢ may depend on observer referential - Tachyons (v > c) are possible L=, 05 1—1_J \‘L—!_J Re(a') (GeV)

Eo e e

* 3. Causality can be broken (consequence of #2) : 9% 08 08 04 02 00 . &‘i*ﬁ*;'J
 Since v > ¢ : see Albert missing cos 6, " g”* i
before he shot. « Compatibility with no-LV scenario: Ay?< 1.4 £} 1 ¥

 If I send information @v>c : x

tell Albert he will miss before » World-leading limits on time-independent

he shots parameters
— aT < 102 GeV

@ RN Ty OJOJ 16— ¢™< 10?7 (High sensitivity from E-dependenc ) "% 0% 0% 10% 1% 0% 10%
I You'll miss the hole! g Y p Y Re(c™)

d o assnal B0 sl o anadd




Hyper-
Kamiokande

Large water
Cherenkov detector

Cherenkov light W‘
v \ oo
o—— =

Charged |
particle

P DB B R B
St d 2

I
~
¢
A
n

> 4
SAEEEED

Photosensors [ 1
We are planning to start
*construction in FY2019

*operation in FY2026
(priority project by MEXT’s roadmap)

Leptogenesis

Ryo Nagai
Tohoku University

Collaborators:
Fuminobu Takahashi (Tohoku U.)
and Norimi Yokozaki (Tohoku U.)

International Symposium
on Neutrino Frontiers
Thu, Jul. 18,2018

ey

Number of Events

Proton decay searches
Mp->etn® search

30 discovery sensitivity

0 —r—rT TR 7 P Eooer
g P Toowmon™ 1.7%10%peary (SK Revet) SI nal 8 ke gl
E 0« < 200 MV / ; > " —e— HK 186 konHD, 30
é E 10 years R = YE :
5§ % & e
4 pbackground SR
2 b z
1 b - 0 :
(I e # o S~ I e S e
600 ' 800 1000 1200 e a— 55 siio
Invariant Proton Mass (MeV/c2) Year

BG free measurement

*0.06 BG events/Mt-year

*High efficiency neutron veto by
doubled photon sensitivity
*Most atm v BG has neutrons
*Tag 2.2 MeV y from np->dy

3o discovery sensitivity :
tp/Br = 103" years
for 20 year operation.

Cosmological implications

Produced GW
R =0.07

107°
1076
10~/

SS
~
~
~
~
S
~
S
~

SS
SS
~

IIII|T|T| IIII|1T|| IIII|T|T|_r

Lol el

! 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII| 1 1 IIIIII"_
10" 102 103 104 10° 106
f [Hz]

Ryo Nagai (Tohoku U) Leptogenesis



PandaX-lll: high pressure gas TPC for 4
OvpBp of 136Xe

TPC: 200 kg scale, symmetric,
double-ended charge readout,
with 10 bar of 136Xe

Main features: good energy
resolution and background
suppression with tracking

I L
_:l e— L]

arXiv:1610.08883

NLDBD Event 214Bj Event
3 ; 3 3 &
E _s00F a £ -840
@ b 2 -860 3
& -540F s s ;
N b N —880 s
-560r 5 -900 -
~580F g -920 -
~600F - =) 3
[ s -960 -
-620F F b
1 1 1 1 L 1 1 1 L 1 1 —980 1 1 1 L L_ 1 1
-120 -100 -80 —60 440 450 460 470 480 490 550 600 650 700 -250 -200
X-axis (mm) Y-axis (mm) X-axis (mm) Y-axis (mm)
Ke Han for PandaX (SJTU) ISoNF, 07/18 18

School of Physical Sciences,
Jawaharlal Nehru University, New Delhi

Jogesh Rout, Samiran Roy, Sheeba Shafaq, Mehedi Masud, Animesh Chatterjee, Mary Bishai
-l DEEP UNDER .
w E NEUTRINO EX INO Collaboration

“Neutrino Frontiers”, 18 July 2018

Vietnam,

18

Prototype TPC at Shanghai

To see MeV electron tracks and demonstrate required
energy resolution with a large-scale high pressure TPC

Field cage: 66 cm diameter, 78 cm drift length, single-
ended

600 L of inner volum16 kg of xenon at 10 bar

7 Microbulk Micromegas modules To electronics

— X\ —

Micromegas
module

Top flat flange

Charge
readout plane

Electric field
shaping cage

- >

Electron drift direction

Cathode

Ports for high voltage,
pumping, gas filling, SS pressure
etc vessel

Ke Han for PandaX (SJTU) ISoNF, 07/18 28

SI-NSI separation at DUNE

Theoretical metric

Neutrino only run allows for better
discrimination between SI and NSI

x 2
X*(8ir) = rpin >

i=1
[N}V’Js,wm @) — N (Bus € [—mn]

N};}{g’[(atr, ‘E|><p)

Better ability at CP conserving values

10 yrs. v/

5yrs, v+ 5 yrs, v
LE(2+0)+ ME(8+0)

LE(5+5)+ ME(0+0) LE(1+1)+ME(d+4) |

LE(10+0)+ME(0+0)

161
= LE{4+4)+ME(1+1) ===+ LE(0+0)+ME(5+45) = LE{8+0)+ME(2+0) =7 = LEWO+0)+ ME(10+0)
14F T LE(343)+ME(2+2) LE(3+3)+2°"ME(2+2)| w— LE{64+0)+ ME(440) LE(640)+2*ME(440)
R LE(2+2)+ME(3+3) “ ==+  LE{(4+0)+ME(6+0)
12

-0.5 0 0.5 1

~1 -0.5 0 05 1-1

M. Masud, M. Bishai and P. Mehta, 1704.08650 [hep-ph]



Deep Underground Neutrino Experiment

e Next generation neutrino oscillations experiment

* Measure dcp and mass hierarchy in a single experiment

e Enabled for other physics w and w/o beam:
® Beyond Standard Model (BSM) Physics, Nucleon Decay,

SuperNova Bursts (SNB), etc

40 Kton far detector using

Liquid Argon TPC technology

Time Projection Chamber

Anselmo Cervera Villanueva, IFIC-Valencia 3

Zh

. 53km ({ |

B &

SURF

u-Hai

International Symposium on Neutrino Frontiers’18

“DayaBay | )
Near -+ (yaus Bay’

: Far
L3 :

@Sheﬁ Zheh ’

¥, survival probability

High power wide band muon neutrino beam from
Fermilab to SURF, in South-Dakota, 1300 km away

Fermilab

- .
Taishan NPP

By 2020\:’

Cores YJ-C5 | YJ-C6
Power (GW) 2.9 2.9 2.9 2.9 2.9 2.9
Baseline(km) | 52.75 | 52.84 | 52.42 | 52.51 | 52.12 | 52.21

Cores TS-C1 | TS-C2 | TS-C3 | TS-C4 | DYB HZ
Power (GW) 4.6 17.4 17.4

26.6 GW.

Baseline(km)

Empty cryostat

Anselmo Cervera Villanueva, IFIC-Valencia 32

“Small” distortion from Am3, and 6,;.

International Symposium on Neutrino Frontiers’18

‘) Neutrino Mass Hierarchy

6000 + [\::—} .....
. 5000 Best Fit to NH data —
Requirement for S, JE,;, = 0
the JUNO: o 40007
.= 3000 F e T s
= Energy resolutions f\foﬁ-fkﬁ_f'%@
~3%/'\/E; } 2000 f' P R A SN S
m Energy scale Z 6000
; o/ 7
uncertainty <;|_/o,.° £000:1 :
m Reactor baseline SE. JE.. = 6%NE. .
4000 vis’ vis vis
spread <0.5 km;
m Lots of neutrino 3000
events; 2000 |

 L=50km '

L e S e S B B 04’54¢¢a010-0v44-oo0-;4.60-

S.F.Geetal.,
JHEP 1305 (2013) 131

-
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Ka m LAN D—Ze n Zero-neutrino double-beta decay search

Isotope:!36Xe
« Dissolve into LS (3 w%).
« On/off measurement.
- Easy to purify.
136ye — 136Ba + 2¢~
Q = 2.46 MeV

—Xe Ioaded LS (XelLS)
g | “Xe 383 kg
™ 136Xe 91%

Thln(25 um) nylon

7SS film, vessel

/(Inner Balloon: IB)
“+U, Th 0(10712) g/g Pros of using KamLAND

“(before construction) ° Already running, quick start.

5 « Large mass & Scalable

> « Low BG

, « Active veto with Outer-LS

, Zen400 ,»«")FJ:‘
350kl
11-=="1lI5 vt

S

N

KamLAND Zen 400 KamLAND-Zen 800

KamLAND2-Zen

Experimental principle

Radiative Emission of Neutrino Pair (RENP)

le)-lg)+y+v+Vv

energy level
excited state le)  threshold energy of photon
4 neutrino absolute mass
Eeg Vv ,
V E.. = Eeg . (mv + ml_l)
ground state |9) th 2 2E¢g

v The emitted photon contains information of neutrinos

Ov B B search results

Half-life limit Limit on Majorana eff. mass

10 | F{Ca_ YZr Nd{r
9i | KamLAND-Zen Phase-1 [ Se CdY
8; ‘\ —— KamLAND-Zen Phase-II 1 i b

o E Mo

E \\ KamLAND-Zen Combined Gle {

T

E EX0-200 (2014) Xe
65 \ . - § -1 U 136 -

w4\ NO significant o 107F KamLAND-Zen (7Xe) z l
< . W\Ov BB signal found| g

4t ~ i

SE )

3N 90% C.L. 107%¢ 3

2; : i NH .

1F 107%F =

S P B OO PP o BN B
O_A_L | T F e T o e ST 4 3 2 1

0 5 10 15 20 25 30 35 40 10~ 10 10° 107 50 100 150

T,, (10% yr) PRL 117, 082503 (2016)  Myghieyt (€V) A

ga~1.27 assumed

(mpg) < 61—165 meV
most stringent limit so far

Phase-I: T,,, > 1.9x102° yr
Phase-Il: T, ,, > 9.2x102% yr

Combined: T;, > 1.07x10%6 yr
*90% C.L.
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Results: detuning dependence

» use the new mid-infrared laser as both pumps and trigger
- pump energy: ~1 mJ/pulse, trigger energy: ~ 0.6 mJ/pulse
target pressure: 280 kPa

AL I L I R I I UL I
detumngcurve ¢  THirakietal.

arXiv:1806.04005

v vary the detuning & —

[—

signal strength (a.u.
=]
o0

€
P
€
o
~

o ¢ o S
N o)}
T T l L I L I LI | LI I

II|III|lII|III|III|I

2000 1500 1000 500 0 500 1000 1500 2000
detuning (MHz)

v" Successfully observed a clear signal peak!



I AXEL experiment

I Improvement of energy resolution

®High pressure xenon gas TPC for Ov3p search

Background rejection:
Mass scalability: tracking with

high pressure (10 atm) segmented EL readout

136Xe~1ton

O
8:
¥
O
=0
&
=f
—
O

Dirac vs. Majorana neutrino: how can we tell?

DsTau Summary

* The goal of the DsTau project is

the reduction of tau neutrino production uncertainty
by precise measurement of 1,000 Ds->tau->X.

High energy resolution: - 1333 356 keV peak

electroluminescence - Energy resolution: 5.4%->2.5% @356 keV
(EL) process readout

target: 0.5% FWHM

17

~ @Energy resolution is improved by correcting MPPC non-linearity

Test beam exposure performed in 2016 and 2017

---------- <
---------- < Before correction After correction Q
.......... < A
---------- < £ 40F £
£ g 23 2 g
---------- < =1 [ 04 S
8 600 30 04 8 600
- L
- L L
= e i 20| |
---------- < 400~ 400~
L 10F L
---------- < L L
| ‘ ) 0 : :
---------- < F 60000 70000 80000 r 70000 80000
< 200— photon 200 photon
.......... < L -
---------- <
b e T e Ix10® i 1 S N M‘MOS
0 20 40 60 80 100 0 20 40 60 80 100
Number of photons Number of photons
Boris Kayser

and

In 2016 test beam, a proof of principle was done.
Improvement on uniformity of track density in 2017 test beam.
The tracking efficiency is confirmed > 95% / emulsion film.
New analysis scheme is under development.

SPS 400 GeV/c proton
2x10%2° pot in 5 years

A pilot run in 2018 will collects 2. X 107 events.

Target/

* Physics run from 2021.

2.3 x 108 proton + W interactions will be analyzed in total

Beam dump facility

SHIP detector

Hidden Sector
decay volume

10 Hi
= S T
54 |l mimess
X L

2
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COBAND (cosmic BAckground Neutrino Decay) - Neutrino Decay signal and backgrounds

Search for Neutrino decay in Cosmic background neutrino

= To be observed as photons in neutrino decays & 100 CIBsummary from Matsuura et al.(2011) .
. = Zodiacal Emission =~ CMB Zodiacal
V3 2> Vi, +yInCvB 2 10 Emission
, — = 1;;=8MJylsr
»n i .
»
2 01 .
= : Neutrino
K=y i
=001, Decay
m —
S 0.001. | I,=25kJy/sr
E : Integ ate)é flu;(\ffom galaxy :\ 14
0] I . Y A N L AN . ) “HH’ T:1X1O Irs
00001, 10 100 1000 y
wavelength [um] [z — S

We can identify the contribution from CvB decay!!

Simons Array: Prospects for Sensitivity
B-mode Power Spectrum

Neutrino mass measurement w/ Expected Foreground Level
In a CMB experiment

— total B-modes
— primordial B-modes
lensing B-modes

(e(e+1)/2m) C, [uK* |

Haruki Nishino
(KEK)

* Three year Simons Array observation (w/ foreground subtraction by
PLANCK 353GHz and C-BASS 5GHz)

memmmordial gravitational wave: o (r=0.1)-6x10-3
o(Zmy)=40meV ombined w/ DESI BAO)
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Rich Physics with Neutrinos

* Neutrino mass
- VR, Heavy Neutrino, Majorana Neutrino, Mass Hierarchy
- Baryon Asymmetry in our universe
* Ocp, Leptogenesis,
- Dark Matter
* VR, oterile
« Grand Unification (and Symmetry)

- Neutrino mass, mixing angles, symmetry between quarks
and leptons, proton decay in a neutrino detector

* Exotic
« CPT violation, Sterile, Non-standard Interaction

* Neutrino astronomy

23



Accelerator

+YP talks

Reminder

Reactor Natural v

. KamLAND

Theories

eptogenesis
. New Physics in LBL

. Dirac or Majorana
24

BB

. KamLAND-Zen

Atom & Cosmic v

. Simons Array




Summary and Outlook

Accelerator Neutrinos
* Hyper-K and DUNE are under preparation.
- Several experiments are on-going.

Reactor Neutrinos

* JUNO is under construction.
« Several sterile neutrino search experiments are on-going.

Natural Neutrinos

* Neutrino Astronomy begins! Solar and Astronomical sources

B B decay search

- Many B B decay search experiments. Discovery may be around the corner.
Cosmic Neutrinos

* More synergy with experiments in a laboratory and observation cosmology.

Theory
- More links between theories and experiments
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