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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

3 T2K\



Neutrino Oscillation

Uel Uez UeB

U,ul UuZ Upus
'i' ur .

UTl UTZ “T3

Am?2L
E

Detection also depends on the mass splittings: sin® (

Known Unknown

© Three mixing angles: 6,5, 6,5, 6, © The value of 3,

2
© Two mass splittings: Am ,, and |Am ., | © Mass ordering
©ls 6,, maximal
© More than three?
o Absolute mass

4 © Nature of mass: Majorana or Dirac?
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T2K UK Leadership

o International Co-Spokesperson: M. Wascko

o Operations: DAQ, ECal, electronics, Run
Coordination, Calibration

® Oscillation Physics: 2 analyses and the ND280
analysis for OA are UK-led
0

» ND280 Physics: cross sections, 1, v,, exotics,

ND280 leadership

The UK is leading all aspects of T2K
Second largest member of T2K, after Japan
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Events / 200MeV

T2K in Summer 2015

First Antineutrino Analyses
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T2K in Summer 2016
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» Added 3x10%° Vv POT for a T
total of 7.4x10%° and beam !

----- Normal Hierarchy - 68%CL J
—— Normal Hierarchy - 90%CL 1

» Best-fit Normal Hierarchy -
----- Inverted Hierarchy - 68%CL -
—— Inverted Hierarchy - 90%CL—

» Best-fit Inverted Hierarchy

|IIII|IIIIIIIIIIIIII|IIII|IIII[—

power exceeded 400 kW ’ RS E

. — . . . i Fixed Mass Hierarchy _E

® Joint v-V analysis, including 2 -
water target data at the ND = i

sin’(8,,)

~

Note change in x-axis limits

® Vv+V gives powerful insight
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Posterior Prob. (flat §.p)

T2K in Summer 2016
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o T2K+reactor combination prefers dcp=-11/2

T2K Run1-7b Preliminary ]

- [ 95% C1. (flat 5,,)

— Il 68% C.I. (flat 8)

- ----=- 90% C.I. (flat sin(dp)) — = 68% C.I. (flat sin(d))
0.05F

- f

w959 C 1L (flat sin(Sp)) _:

9 4

Ocp (rad.)

sin?023<0.5 | 5in?623>0.5 Total

NH 0.218 0.529 0.747

IH 0.072 0.181 0.253
Total 0.290 0.71 1.0

© Excludes no CP-violation at the 20% level

® Prefers NH around 3:1
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Non-Oscillation Physics

© Based on UK Theses:

» Single T Cross Section on Water

© Coherent 11 production on Carbon

® Charge Current Ot on Carbon

® Other Cross Section
ORVA
@ Novel kinematic variables
® rro

® Short baseline steriles

» 13 posters by UK students and postdocs about T2K at
Neutrino2016 (hosted in London by Imperiall!)
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http://arxiv.org/pdf/1605.07964
http://arxiv.org/pdf/1604.04406
http://arxiv.org/pdf/1602.03652
http://neutrino2016.iopconfs.org

SK in the UK

Super-Kamiokande |V

Fun 73837 Sub 1 Event 3209431
15-07-20:13:57: 25

Inner: 361 hits, 3995 pe

outer: 0 hits, 0 pe

o Sheffield, QMUL, 2t
Liverpool, Imperial, and e
Oxford are now
officially members of SK
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Super-Kamiokande IV
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Looking Forward

® T2K has now taken ~18% of
expected POT, and will add
another 10% in the next 12 months

o T2K will begin autumn running in v
mode to maximize statistics

o Expect a lot of physics very quickly!
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The NoVA Experiment
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NoVA Results 2016

NOVA Preliminary
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Looking Forward

® NoVA still has data in the can
from 2016

» Expect to double dataset in the
next year

@ Begin antineutrino running in

Spring 2017
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MINOS+

Manchester, Cambridge, UCL, Oxford, Sussex, Lancaster

© New results on PMNS disappearance

@ New results on steriles, exotics, and
non-standard interactions

© Last data taken at the end June!

@ Many leadership roles: cospokesperson,
y p pokesp

analysis coordinator, steriles

Date : 29 Jun 2016 Time : 07:34:01 Run : 64486_17 Snarl : 171469 EventType : Golden Beam Neutrino
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Global Combinations

Bari group, Neutrino2016

LI I I L I | L | L
o4 I I

e T2K, NoVA, and SK data

is generally in agreement
about dcp

© Combinations are
pointing towards stronger
evidence

©» Doesn’t have full
systematic correlation, but
experiments are at the
beginning of that process

0O 05 1 15 2
o/t
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T2K-lI

There is ~5 years between
the nominal end of T2K and
the start of HK

Continuing to run the beam
can triple the POT to
-20x10%° in the intervening
fime

J-PARC PAC hearing proposal
this week

All UK institutions on T2K

have expressed interest in

extending work on T2K to
T2K-lI
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Nominal End of T2K:
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T2K-lI

® Sensitivity also enhanced by MH unknown
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PINGU

© Low energy extension of IceCube _ p—

ASTmov) i

© Determination of the neutrino mass
ordering

o Test of PMNS matrix unitary via vt
appearance

© Best sensitivity for spin-dep. interactions
of low mass DM

.35 0.40 0.45 0.50 0.55 0.60 0.65
. . sin® 6,4
®» New baseline PINGU geometry: 40 strings E"F .
with 96 pDOM each—26 strings with 192 = ° 7=~ = R
L + * N\ sop--Bagetng-aegmetyy-| « pinau
pDOM each AR |
® This change does not lose NMO sensitivity, ™ \s ¢ 0 o) R T R gt A
. . . . . . C o . vt ool : -l -
but it brings significant cost savings via: 1oF N S i
» only two deployment seasons 3 . e,
. 2004+
o fewer holes to drill uE R

This reduces total cost to S47M, and enables PINGU to fit in the NSF

“midscale” program - proposal is being prepared.
Updated Lol will be released soon

| |m) 5
o

W Queen Mary MANCHESTER 20

University of London (5..'\1«“()1{1)




© Use 3” PMTs in natural water as
an off-axis detector to measure
the second oscillation max

® 50 ton prototype tested in 2015

® Attenuation length of water
measured with recirculation

® Major simulation progress:
studying PMT coverage—may
only need 6%

® Design of 1.5 kion
“slice”underway

2]

CHIPS
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PhyStat-v

® A UK-led initiative to bring the
PhyStat workshop series to
neutrino physics

® First meeting in Kashiwa this

year was a resounding success: INTERNATIONAL WORKSHOP
ON STATISTICAL ISSUES IN

90 participants and high praise NEUTRING PHYSICS
MATHEMATICS OF THE UNIVERSE, KASHIWA, JAPAN

from attendees 30 MAY -1 JUNE 2016

Local Organising Committee: Mark HARTZ/Christophe BRONNER/Richard
CALLAND/Yoshinari HAYATO/Yasuhiro NISHIMURA/Kimihiro OKUMURA

Scientific Organising Committee: Yoshi UCHIDA/Jun CAO/Daniel
CHERDACK/Robert COUSINS/David VAN DYK/Mark HARTZ/Pilar
HERNANDEZ/Joe  FORMAGGIO/Thomas JUNK/Asher KABOTH/Louis
LYONS/Shun SAITO/Subir SARKAR/Elizabeth WORCESTER/Kai ZUBER

@ S e C 0 n d m e e i'i n g a |' F N AL i n PhyStatNu_LOC@ipmu.jp  conference.ipmu.jp/PhyStat-nu  PhyStat-nu@imperial.ac.uk

September PHUSTOT-MU ZO]O

. . . SCPICMBCR IO - 21, 2016
® T IMm e IY d | SC U SSI o 1] s Fo r th e Fermi National Accelerator Laboratory, Building 327

PhyStat-nu Fermilab,2016 is the second in a series of international workshops
on statistical issues in experimental neutrino physics. The workshop will bring together

[ ) [} [} [ ] [ ]
exciting Ph)’SICS arriving from = - o clenges i cignng e
[ ]
neutrinos

For registration & additional information visit:

http://indico.fnal.gov/event/phystat-nu16

Or email us at: phystat-nu-fnal-soc@fnal.gov

® Workshops will continue!

2 2 $EFermilab (@ENERGY |2



Summary

o The past year has been extremely exciting in LBL neutrino
physics
® Stronger hints in O¢p
o Tighter constraints in 8,5 and Am232
» New cross section and exotics measurements

© Many more results from Neutrino2016

o The UK holds strong leadership in ongoing experiments and
drives these analyses

© There is still much to do, and nearterm future experiments
have great potential

23


http://neutrino2016.iopconfs.org/programme

