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Neutrino Oscillations

Neutrinos change flavor while propagating in vacuum/matter
=>» Neutrinos have mass = evidence for physics beyond the Standard Model
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atmospheric & accelerator I solar & reactor

0,5 = (45 + 3)° reactor & 0,, = (33.6 + 0.8)°
| Am2,,| = (2.52 + 0.04)x 103 eV2 accelerator Am?,; = (7.50 £ 0.18)x 10 eV?

6,5 = (8.5 + 0.15)°
| Am?5,| = (2.52 + 0.04)x 103 eV?

CP violation phase: Jp ~ -90°

PMNS (Pontecorvo, Maki, Nakagawa, Sakata) — matrix describes mixing between flavor and mass eigenstates
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Neutrino Oscillation Probabilities

v, disappearance:
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Leading term: ~ 0.95 next to leading term: ~ 0.05
yields sensitivity to 6,, octant

Vv, appearance.

P(v, — ve)

oosl | — 5,,=0°, NH, v
J — 5,=270°, NH, v
wne= 8,20°, NH, ¥

| 2.5° Off-axis v flux
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Large CP Effect |
Small Matter Effect
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0,5 sensitivity
0,5 octant sensitivity (6,5 >,<,= 45°)
dcp pPhase sensitivity :  P(vu — ve) — P(¥, — ) # 0 forsing # 0

Matter effect sensitivity: v, enhanced in normal hierarchy  *



J-PARC accelerator and v beam

Near Detectors

Beam Dump Decay Volume

Target Station
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Near detectors

Measures v spectrum before oscillation:

Nyp=JdE ®(E) x o(E) x exyp(E)

event no. flux Cross efficiency

CC v, events (normalization, spectrum)
NC 70 CC v, events (backgrounds)
Neutrino interaction properties

section

Off-axis near detector (ND280)
7.6 M —>

—> use to predict far detector v flux spectrum
- Reduces systematic uncertainties in oscillation

analyses from 14% to 6%
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Far Detector: SK
Measure: | Noo = [dE ®@.,(E) x 0(E) % €xp(E) X P(VOL%VQQE; 61']'; Angj)

flux Cross  efficiency Oscillation probability
section

: 50 kt Water-Cherenkov detector |
i (Fiducial : 22.5 kt) |

o 40% Photo coverage
: Good energy resolution (~ 10%)
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Particle ID parameter

Good e/ separation:
mis-idendification < 1%
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Accumulated POT

23 January 2010 — 12 April 2017

T2K Data Set
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POT total: 22.54x102°

_ v, app.: | firstd
v, app. v, app.: 76.3 - hintscp Increased stats.
250 310 joint Ve/V,,, (Jomt 4 sample (jOInt 5 sample
: disapp.: analysis
v, disapp.: gést 0 Pp-- y 7 disapp.:| “e/" analy5|s V[V, a+ v, CClm
st 23 Precision | & analysis
1t result 15t result v, /7 disapp.

v mode POT: 14.93x102%0 (66.2%)

v

mode POT: 7.62x102° (33.8%)

best 6, precision;
no CPT violation




Events/100MeV

Ratio

v, /U, disappearance results

Vﬂ Vu,
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135 events observed 66 events observed

7.482x10%° POT 7.471x10%° POT
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- No hint of CPT violation

—> T2K results consistent with maximal mixing (6,5 = 45°)
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v, /U, appearance results

Ve Ve New sample: v, single rin
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32 events observed 4 events observed 5 events observed

v, CClm*

Expected events:

(NH) (NH)

28.7 24.2 19 6 24.1

ﬂ 6.0 6.9 7.7 6.8
3.1 2.8 2.3 2.7

- T2K observed more v, and fewer 7, candidate events than expected
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d.p (Radians)

d.p (Radians)
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90% C.L. bounds for 6., (radians):

e Normal mass hierarchy: [-2.948,-0.467]
e Inverted mass hierarchy: [-1.466,-1.272]

=20 and 90% exclusion of 4., = 0 and T, respectively

> Measurements to date favor ., = - 7/2 and normal hierarchy
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A % to exclude sind =0

Prospects for T2K Il

T2K 1l (extension of T2K to collect 20 x 10°" POT by ~2026)
T2K approved for 7.8 x10%! POT by ~2021
—> Accelerator and beamline upgrades to reach 1.3 MW

MH unknown

T2K Preliminary
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external MH input
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Summary/Outlook

Gave overview of neutrino oscillations and measurements of
long-baseline neutrino oscillations with T2K

Fast progress and many new results:

— Data seem to prefer o, ~ - /2 and NH

— v and anti-v running = no hint of CPT violation
— T2K measurements point towards maximal 0,

http://t2k-experiment.org/publications/

More data and excitement ahead

(see talk on T2K cross sections)
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