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® Intro

® Current Generation: T2K and NOvA
© Next Generation: HK and DUNE



Neutrino Mixing

Neutrinos have two

sets of eigenstates: Ve Uy U, Ugs\ /v
mass (propagation) (Vu)= Ui Upz Ups (Vz)

: Vv 5 ) \V
and flavor (detection) t U Uz Uiz / Y3
(m,)”
o . PMNS mixing matrix tells
us how mass and flavor

I . eigenstates are related
(Am:)ml -

(ml)z (m,f*

Normal Hierarchy Inverted Hierarchy
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Neutrino Oscillation

Uel Uez

U2
Url Urz

Detection also depends on the mass splittings: sin® (

0,3=45.6+2.3° Am?91=7.53+0.18x107° eV?

0,,=33.6+0.85° | Am?232| = 2.45+0.05x10°3 eV?
013=8.33+0.22° Ocp= ¢

PDG 2016



Long Baseline
Experiments in a Nutshell

100s of km

How many v here?

N=0¢ x g xegxP(vga—vp)
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Long Baseline Neutrino Oscillation
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Long Baseline Neutrino Oscillation
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Super-Kamiokande

Mt.Noguchi-Goro Dake
2,924m

DA L

Near Detector

sea level
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ND280 and SK

Fine Grained
Detectors (FGDs)

Beam

UA1 Magnet

POD ECal Electromagnetic
Calorimeter (ECal)

. 10 detector

_ Water and air
. purification system
: IT“.;;-,‘;‘:LHF‘Q‘. n mu

Time Projection L

Chambers (TPCs)

Near and Far detectors
have very different forms
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V-N Cross Section Model
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SK Data Samples

® New this year: an e-like 1-Michel electron sample in v-dominated
beam—this sample is dominated by resonant pion events

» New this year: A new reconstruction algorithm that improves
both efficiency and purity for all samples

© 66% of the data is v-dominated beam; 34% V-dominated beam
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Appearcmce Results
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Disappearance Results

© Am?23=
2.4610.09x10°3 eV?

® sin2023=0.53+0.03

®© Preference for NH

at 87%
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Everything on One Plot!

m ..................................... Think of this as a visual

covariance mairix




Everything on One Plot!

Think of this as a visual
covariance matrix
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T2K in the Next Year

® V beam has been operating at 475kW since last
autumn and will go until late May

o This will equalize the v to V beam ratio

® Look for new results at Neutrino 2018!

© Summer 2018 SK will be opened for PMT repair
and leak fixing

o After closing, begin introduction of Gd to SK
» Beam upgrades may happen in late 2018 and 2019
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NOVK Far Detector (Ash River, MN)
'“Iai I!N/QSMDT Sbudan MN) o




NOVA Detectors

< P. Vahle, Neutrino 2016
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Select CC inclusive
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Vu CC Slgnal
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vy CC Signal
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Photons/cm

Analysis Updates
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2
® Am32=

2.444™°%° , 1,7 x 10° eV?
® sin2923 = (0.558

» Compatible with 2016 result, but
no longer far from maximal

mixing

®

®

Larger energy resolution

70 MeV shift in hadronic

energy

+0.041

New selection

More data

-0.033

3.2

Disappearance Results

NOvVA Preliminary

______

NOvVA Normal Hierarchy, 90% C.L.
— Joint Analysis, 8.85x10% POT-equiv.

== v, Analysis, PRL.118.151802

L=~

Normal Hierarchy 90% C.L.

—— NOVA 8.85x10%° POT-equiv.

T2K 2016
MINOS 2014

Joint analysis

0.7

| NOVA Prélirhihary




Appearance Results

NOVA Preliminary
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NOVA in the Next Year

© NOVA is running in V beam mode
now—collected 7x102%° POT

® Collecting data at 700kW!!

© New analysis including V samples
to debut at Neutrino 2018
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Where We Are Now

o T2K and NOvA largely agree
© Both prefer NH at around 90%
o Both are compatible with sin2923 =0.5
© Both have compatible | Am3,| masses

» Both disfavor d¢p =11/2

» Cross section systematics are becoming an increasing issue
for both experiments

» New antineutrino data analysis is expected in early June
for both experiments

o A joint T2K-NOVA analysis is coming]!
27



Hyper-Kamiokande

Kamiokande Super-Kamiokande = Hyper-Kamiokande
(1983-1996) (I996 ) (~2026 )
Scale up from SK and T2K X < oy

Continuous upgrade plan: T2K-lI,
near detector upgrades, HK

50kton 260kton><2
Requires beam power increase 22 kton (fiducial) 190 kton x2 (fiducial)
to ]3MW T2K-Il Protons-On-Target Request
s [ 45 35

Potential option to put HKD2 in 5 Jof 1
Korea—improves MH sensitivity ~ £"°F b

. . @ MR Power Supply upgrade 2.5
and reduces d¢p uncertainties 1000} 2

Experiment has just moved into a

Integrated Delivered Protons [10?'POT]

Delivered Protons / Period ©c-suy. [10°'POT)

120
formal collaboration with a new - i,
structure; new Japanese institute “002— =N 0
formed to support the work: 20k E.
hitp://nnso.jp/index.himl o zj;,jo "


http://nnso.jp/index.html

New Near Detectors
ND280 Upgrade W" - |

E, (GeV)
each off-axis bin
s Flux 3

1e21 POT)

sssssséééx
A

® New " Super-FGD’ ﬁ |

02 04 06 08 14 8

© New horizontal TPCs

| ® Intermediate WC detector
® Many beam tests this summer!

o Exploit off-axis behavior

 Installation during T2K-lI ,
for variable energy beams
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UK Achvmes

Super-Kamiokande IV

® Intermediate WC detector: design,
calibration, DAQ

» DAQ: IWCD and HK; triggering methods

© Calibration: New light injection methods
(L. Anthony, S. Valder, S. Jenkins)

© Beam: Upgrades for 1.3 MW operation
® Outer Detector: optimization (S. Zsoldas)

o Physics Sensitivity Studies: broad range of §
physics (J. Migenda) |
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DUNE

© LAr based far detector with a

staged approach

® First module will be single

phase

» Additional modules may be

dual phase

® Beam is broad band: potential
access two oscillation maxima

® Near detector design still under

consideration

Unoscillated vs / GeV / m°/ Year

- Reference

Engineered Optimized

—— CDR Optimized (250 m) 1

—

—— CDR Optimized (200 m)




ProtoDUNEs

» Single and Dual Phase
prototypes constructed

at CERN as part of the
Neutrino Platform

* Will take test beam in
late 2018

o Exciting test of
technology and will get
important hadron-Ar
data (J. Thompson)




Physics Reach
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UK Activities

« DAQ: hardware, firmware, and
online computing

» Beam target: optimization for high?
power operation

» Anode plane construction:
Delivery of APAs to proto-DUNEs _’\'
as preparation for FD construction 8

® Reconstruction software: pattern
recognition in complex events

® Physics sensitivity studies
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Summary

» T2K and NOVA are racing ahead with
new data and exciting results!

® We have a hint of CP-violation
» Need new data from both
» Combined analysis is coming

» DUNE and HK are an exciting future for
CPV discovery!
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