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Outline

* Neutrino Oscillation Results
— Reactors (Daya Bay, Double Chooz, RENO)
— Accelerators (T2K, NOvA, MINQOS)
— Atmospheric (Super-K)
* Future reactor experiment
— JUNO

* Non-oscillation experiment

— 0Ovpp

* Due to the limited time. Only a few selected experiments were discussed here



Neutrino Mixing
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Reactor v Results
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Desi Luminosity | Detector Overburden Sensitivity
eS|gnS (ton-GW) | Systematics | (near/far, mwe) (3y, 90%CL)
Daya Bay (China) 1400 0.38%/\N 250 / 860 ~0.008
Double Chooz (France) 70 0.6% 120 / 300 ~0.03
RENO (Korea) 260 0.5% 120 / 450 ~0.02
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Daya Bay Experiment
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* Luminosity : 1400 ton-GW (5-20 times of DC and RENO)
* Close to mountains = enough shielding

* Featured design > side-by-side calibration (2-4 ADs at each site) 2
actual relative detector error: 0.2%/\/ﬁ (design value: 0.38%)



Precision measurement at Daya Bay
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Prompt reconstructed energy, MeV

Sin22013= [8.41 + 0.33] X 102
NH: AmZ,, = [2.45 + 0.08] X 1073 eV?
IH: AmZ,, = [-2.55 + 0.08] X 1073 eV?2

Independent sin?26,; meas. from nH
run until 2020, achieve uncertainty <3%
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Global comparison

Experiment Value
Daya Bay - 0.0841-0.0033
RENO e 0.082%0.010
D-CHOOZ —e—i 0.11140.018
. 0.16173%:%
T2K . 0 186+0.055
- —0.078
' o . 0_051t0.038
MINOS w00
' ¢ ! 0.093Z5:049
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Sil’l2 2913
Experiment NH Value (1073 eV?)
Daya Bay —— 2.45+0.08
T2K ——s 2.54570:08
MINOS —e— 2.4240.09
NOvA * 2.67+0.12
Super-K * 2.50%050
IceCube . 2.501035
RENO . 2.571038

23 24 25 26 27 28
|Am2,| (10~3eV?)

Most precise measurement
e Sin%220,; uncertainty: 3.9%
e |Am?2;,| uncertainty: 3.4%

Consistent results with
reactor and accelerator
experiments.



Absolute Reactor Vv, flux

Discrepancies to the
Huber+Mueller model indicate:
Over estimated flux and/or
underestimated flux uncertainty
Or the existence of a sterile
neutrino

Consistent flux measurement
with previous short baseline
reactor experiments
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MINOS, Daya Bay and Bugey-3
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Parameter space allowed by LSND and MiniBooNE is excluded
For Am?,, < 0.8 eV? at 95% C.L. ArXiv:1607.01177



Accelerator v Results



v, (V,) Oscillations
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Accelerator Experiments

NOvA
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NOvVA Ve contours J.M.Bian@ ICHEP

* Constrain Am? and sin?0,, with NOvA v Applying global reactor constraint of
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NOvVA v, contours

J.M.Bian@ ICHEP
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8cp (radians)

0,; & 5.p @ T2K

T2K-Only
3 [T T T .‘J:\':'-lr"__l-'f I T T T I T T T | T T T I 1 -‘;:'\
n T2K Runl-Tc preliminary .=
E . =]
- ~ =
- e 68.27%CL 1 =
1 — 90%CL d  w
— * Best-fit N
u PIM= 2015 3
0= -
1:_ —— Nommal Hierarchy E
- — Inverted Hierarchy .
iy ] - i
- Fixed Mass Hierarchy
—3 __ 1 Ll | 1 1 | 1 1 | 1 1 | __
0 1002 J_-CI K] 006 0.08 01
Ny sin” 0,

[

T2K Result with Reactor Constraint

(sin® 26,3 = 0.085+ 0.005)

T2K Runl-7e¢ prelinunary

————— 68 27%CL
— 00%CL
* Best-fit

—— Normal Hierarchy
—— Inverted Hierarchy

Fixed Mass Hierarchy
|

0035
S 813

0.03

- T2K-only result consistent with the reactor measurement

- Favors the §., ~

T .
Y ICZ1011

K. lwamoto @ ICHEP

17



2InLL

[t Lad fEN i =

(=]

0,; & 5.p @ T2K
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‘osmic rays
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Cosine Zenith Angle

V. appearance at SK

~10 km
Piv, - v,) P(v, = v;)

Cosine Zenith Angle

"'13, 000 km Energy [GeV]

Leading effect is v, disappearance(v, — v;).
v, appearance from neutrino oscillations could be
detected by charged current v, interaction in SK.

Energy [Ge\]
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v, appearance at SK
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v Oscillation at SK

Cosine Zenith Angle
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Jiangmen Underground
Neutrino Observatory



JUNO Experiment

O Jiangmen Underground Neutrino Observatory
> 20 kton LS detector, 3%/VE energy resolution

O A multiple-purpose neutrino experiment ). Phys. G 43: 030401 (2016)
(arXiv:1507.05613)

O Rich Physics
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JUNO Experiment
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1 2 3 4 5 6 7 8 9
rec_energy(MeV)

g 20
Type
Typ. Typ.
Photocathode characteristics
Spectral Range(nm) 300-650 | 300-630
Maximum sensitivity at (nm) 380 380
Sensitivity
Luminous(pAsm) TO 60
QE at 420nm(%] 26 26
Supply Voltage(V) -1700 -1600
Gain 1107 13107
Anode Dark Current{nA) 100 150
Background Noise[cps) oK 30K
Single Electron Spectrum
Energy Resolution(%t) 60 a0
Peak to Valley Ratio 2.9 3.0
Anode Pulse
Rise Time(ns) 1.7 1.7
Duration at half height(ns) 8.8 8.8

650
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Sensitivity on MH

T JUNO MH sensitivity with 6 years' data:

200 YELetal Ref: Y.Flietal, Relative (a)Use
—_ D 1 201

A R U T 86,013008(2013) | NMeas. | absolute Am2

N5t
% Ideal case 4o 50
32 | | DRealisticcase | 3o 4o
.,.4:‘] — — True MH |5, = =} 1

sp | puemen e T '

False MH[cr:. = L.0%) : | — : ::zgga £ 270°
2 T — L / . sl : : - -—5cp=180°
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|AMZee| (X107 eV?) = :

(@) |f accelerator experiments, e.g NOVA, T2K, Héf

can measure AM2,, to ~1% level 10 :

(b) Take into account multiple reactor cores, :

uncertaintiesfrom energy non-linearity, etc 0 o o 02 e 006

o(Am?,)
Ideal | Core distr. | DYB & HZ | Shape | B/S (stat.) | B/S (shape) | [Am?,,|
Size 52.5 km Real Real 1% 6.3% 0.4% 1%
Ay | +16 -3 -1 -1 -0.6 -0.1 +(4-12)|




Precision Measurement

. JUNO 100K IBD Events Probing the unitarity of Upy,\s to ~1%
© 250F more precise than CKM matrix elements !
= 200F +BG
8 _F 0
150F . +1% b2b
0 - Statistics
@ 100; +1% EScale
;D; : +1% EnonlL
>0 sin29,, 0.54% 0.67%
O e,E' | “ﬁ »;,-} Am?2,, 0.24% 0.59%
e
promet Am?2,, 0.27% 0.44%
L I W A £ S -V T I e —
Ef 2__ - ”é]e 1 {Pf 2 B U :r_mp"g E 04l )
7.45 lwm221(178f5 eVZ;.ﬁﬂ 7.65 2,38 2.40Am2::(21 0-3 ngz) 2.46 2.48 0.30 Slnzem 0.32 Ta E_reﬂus [e/ofsqrt(’iE)]
0.16%—>0.24% 0.16%—20.27% 0.39%—>0.54% E resolution

Correlation among parameters -



Probe the nature of v’s mass



OvBp Decay

F" W' Schechter-Valle Theorem (1982): if a Ovp[3 decay
happens, there must be an effective Majorana mass

m1
—

&

] term (v is of Majorana nature)
Fi
BLACK BOX
Keys:
C | Good energy resolution & ultra-low external background
| d Large detector volume
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#"N P Vogel, arXiv:hep-ph/0611243
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Recent results (>10%° yr half life)

Isotope Experiment Exposure T‘;}’gﬁ T‘;}fﬁ Tﬂ}’fﬁ <m, > Reference
(kg yr) average (10%yr)  (13.8Gyr) {Rn;we
sensitivity 90%CL 90%CL frumg
L= NME*
76Ge Gerda 34.36 4.0 >5.2 >3.7x10"% 160-260 M-Agostini,
Neutrino 2016
EX0-200 100 1.9 >14  >8.0x10" 190-450 Abertetal
Nature 510
136X @ (2014) 229
KamLAND- 504** 4.9 >11  >8.0x10'5  §0-161 Sandostal.
ArAlv: .
— (run 2) 02889 (2016)

* Note that the range of “viable” NME is chosen by the experiments
and uncertainties related to g, are not included
** All Xe. Fiducial Xe is more like ~150 kg yr

G. Gratta @ ICHEP2016
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GCM: Rodriguez, Martinez-Pinedo,
Phys. Rev. Lett. 105 (2010) 252503

~ 5 tonne LXe TPC, 4.7 tonnes of active ®"Xe (90% or higher)
<1.0% (o/E) energy resolution

32




Thanks!

33



