NA-61/SHINE Meeting
__.,M:—QZE 28

.lnlr""“
2 A
il '
m.wascko@imperial.ac.uk V
| - ’ —
)
8\ cad) =

Imperial College London


mailto:m.wascko@imperial.ac.uk?subject=

Outline

e |ntroduction

e QOscillation analysis highlights
e Experimental Overview

e Beam, ND, FD

e Upgrades

e XSEC measurements

e Summary

Imperial College Morgan O.
J—Zfl(\ NA-61/SHINE Meeting, 2017 07 28

2



Neutrino oscillation
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Simple 2 neutrino example-
If weak eigenstates (ve, v,) differ from mass eigenstates (vi, v2):

Vel  [cos®  sin®\ [V
v,/  \—sin® cosB/ \ vy

, , 1.27 Am?(eV?) L(km
Poscillation (V/«l — Ve) = Sln229Sln2 ( Ev ((GeV)) ( ) )
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http://ptp.ipap.jp/link?PTP/28/870/
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,6,429
http://www-spires.dur.ac.uk/cgi-bin/spiface/hep/www?j=SPHJA,26,984

Current neutrino picture

flavour atmospheric accelerator solar Majorana mass
Ve 1 0 0 C13 0 8136_i(S C12 s12 0 1 0 0 1
vy = 0 C23 5923 0 1 0 —S12 (12 0 0 62% 0 V9
Vr 0 —s23 €23 —s13¢”° 0 3 0 0 1 0 0 e V3

flavour key: Vu Vr

L I
V3 2.35+0.12 E-03 (eV?)
0.05 atmospheric 7.58+0.24 E-05 (eV?)
0.31+0.018
I Vo
0.009 solar y 0.42+0.08
1
0.02+0.007
<2

Accelerator experiments measure: Am?2s, (including sign), sin2623, sin2623
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T2K founding spokesperson Ko Nishikawa and all T2K collaboration
members won the 2016 Breakthrough Prize for fundamental physics!
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Measuring

ViV = VY
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¢ Tests CPT symmetry E, (GeV)
¢ | eading order dependence on sin22623

e Can’t separate 8,5>45° from 0,3<45°
e Leading order dependence on IAm?;,l

e Doesn’t depend on the sign of the
mass splitting (hierarchy)

T 74

CPVin T2K

Osc. Prob
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05 1 25 3
¢ Tests CP symmetry E, (GeV)
¢ | eading order dependence on sin°20+5
¢ | eading order dependence on sin°0.3

e Can separate 6,5>45° from 0,3<45°
e Sub-leading dependence on sin(d¢p)
¢ Can detect CP violation

e Sub-leading dependence on Am®s,
through matter effect

* Relatively small in T2K due to baseline
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Data T

Ocp (radians)

Ocp (radians)

2K 201

6: Ocp VS. B13

o Left: 6¢cpvs. O;3 (fixed Ax?, fixed hierarchy)
e T2K-only
e T2K with reactor sin“26,;= 0.085+0.005

Below: ocp with Feldman-Cousins critical

values and reactor 643

Scp=[-3.13, -0.39] (NH), [-2.09, -0.74] (IH)@90% CL
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ICRR, Univ. of Tokyo e £ KEK / JAEA

Mt. Ikeno-Yaina
1360 m

Neutrino beam




12K strategy

Search for dcp by comparing v,—ve and Vy—Ve.

: : : Gigantic detector
Intense beam wr w w . KK oscillation

U
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Off-Axis Beam

| SK
= g s L. ]
JPARC ;}g Sos | Oscillation Prob.
=06 ||| \ @ Am? =3.0x10-3
0.4 { |
002 ~|| '“‘" —_—
. |
. . . © 3500 - v energy spectrum
e Use kinematics of pion decay to | %uxe x-section)

tune the neutrino energy

eFlux peak at target energy for
desired value of L/E

e Ev well matched to Super-K

Imperial College T 2 Morgan O.
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J-PARC Facility
(KEK/JAEA)

== View to.North
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Photo: January 2008
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J-PARC neutrino beamline overview

Near Detector
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Decay Volume
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Muon monitor :
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Pions are focused by
3 electromagnetic Horns.
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Neutrino flux predictions

neutrino beam

Flux (/cm?/50MeV/10*'p.o.t)

NA-61/SHINE data are indispensable
for neutrino flux predictions —

il ] ] | EII | I | | | | | | | | | ] ] ] ] I I | | ] ] | | | | i
0 2 4 6 8 10 0 2 4 6 8 10
E, (GeV) E, (GeV)
e <1% impurity from ve(Ve) at energy peak; important

background for ve(Ve)appearance

e “wrong sign” component: neutrinos contaminating
antineutrino beam, vice versa.

Imperial College T 2 Morgan O.
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The Near Detector pit
houses both the
off-axis (ND280) and
on-axis (INGRID)
detectors

941 m

19 m

X
%
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Beam dellvery & stability

Total Accumulated POT for Ph¥®8ics
v-Mode Beam Power

*Beam delivery until Apr 2017 107 o s
x =
e 2.5x102' POT TOTAL 3 4%
¢1.49x102' POT in v-mode  * £
3) | ©
¢0.76x102' POT in v-mode | © Ty &
eBeam operated stably at 470 5 11 |
kW! =00 T on T o T o5 T aom T aon oo 0
eExpect 0.8x102! POT in 2017-18 EEE%WWM_LWML _______ 3
data run 27| S A - -
foEventrate o fomzsda
Egﬁf_ | .+ Horn- 250kA'“ e
. . Eo.sz I;Llorlz:pntal ?eam :dlrectlon : : I\II\IJL?I\II?E)DN _;
eMain Ring power supply e e
~0.5} | o o E i ;
upgrade approved by MEXT ) : B |
_ _ go.s Vertlcal beam dlrectlon E —++— WLCI;I\II:I‘E)DN 5 ]
o \WVill allow operation up to and pl =S +w%z++hﬁ T
beyond 750 kW in 2019 L T DO = i S Sup
e R ) § : e
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Off-Axis Detector (ND280) Elements

SMRD in Magnet
Yoke air gaps

UA1 Magnet Yoke

Downstream |
ECAL

Barrel ECAL
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ND280 neutrino events

Ewrnumner 1310 | Battian L E3 Bunadmbar AZR60 SRk o SubEunaumber 3T Time s Moo Z0q0eRE-28 4 BN 44 08T Fhqaac Bcan Soll
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Super-K (far) detector
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¢50 kton (22.5 kton
Water and air fiducial volume) water
purification system  Cherenkov detector

entrance 1,000 20" PMT for
— inner detector (ID)
~ (40% photo coverage)

o~2 000 outward facing
8" PMT for outer

_ detector (OD): veto

1km cosmics, radioactivity,

(< 700mw exiting events

[\

lkeno-yama
Kamioka-cho, Gl -
Japan et

, ¢ Good reconstruction
Mozumi  SK Atotsu for T2K energy range

e Threshold 4 MeV

Morgan O.
NA-61/SHINE Meeting, 2017 07 28 OBSERVATORY 20



SK status

REBF-a—-M)/

REF zj .

e Recent analysis improvements
enhance S/B

e Moving to new reconstruction beteBuTesns  Toualhs
algorithm (fitQun) SK-Gd project plan
e Expanding fiducial volume ] e B G
_ _ ) (e ET— — i
e SK-Gd project aims to enhance |:|{= —— i
neutron detection capability i v [/(/ : | [/
with addition of Gd to water rmm—, N N
T, T T,
e SK tank leak repair work will be T,: Tank open work for leak repair
done in summer 201 8 T1: Loading to 0.02% Gd2(804)3
T,: Loading to 0.2% Gd,(SO,),

Imperial College Morgan O.
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12K run extension

W]

2 1400 5 10 @ 15¢ -
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= | x
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e T2K’s long term goal is the pursuit CP Violation in the neutrino sector.
e 1In 2016, T2K run extension given Stage-1 status by KEK/J-PARC.

e Proposal to collect 20x102" POT by ~2025 (arXiv:1609.04111 [hep-ex]).
e With 20x102! POT, T2K has up to 3¢ CPV sensitivity:

e Sensitivity improves beyond 3o with reduced systematic errors;

e Beam, ND upgrades motivated by systematic error goals.
Imperial College Morgan O.
I—zk\ NA-61/SHINE Meeting, 2017 07 28
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http://inspirehep.net/record/1486612

ND280 upgrade project

( M. Zito
ND280 limitations

* One of the main limitations of the ND280 data used for
the oscillation analyses is that they mainly cover the
forward region while SK has a 4n acceptance

* Model dependence when extrapolating to the full phase
space

* The neutrino-nucleus cross-section is not well known, an
upgrade is necessary to reduce the systematic errors for
T2K-II

Tzl MC Expectabion
.

w-Mlode | R o-hike Samplc

ND280 acceptance

2K Runl=7J¢ preliminary

a—SK acceptance

_ . i . ; . |
K 600 8O0 1000 1200 1400 200 400 600 200 1000 12000 1400
Momentum (MeV/c) Momentwm [MeV)
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Timeline of progress so far

Expression of Interest SPSC-EOI-015

¢2013—-2015: ND280 upgrade R&D WG Near etctors based on gas TPCs for

. Signed by ~190 physicists neutrino long baseline experiments®

*2015-2016 ND280 Upgrade Task Force 'E;?J?Ji:?'éijﬁ;‘é’e?gé‘lﬁt‘iaﬁ;Eﬁ%ﬁ&e’
pain, sweden, switzerianaq,
UK, USA

*November 2016 Open Workshop at - And CERN

Aims to be part of the CERN
C E R N neutrino platform
- Proposal by the end of 2017

e January 2017 Expression of Interest
submitted to CERN SPSC (towards a
project in the framework of the CERN

Neutrino Platform) Statement by TZK
eFebruary 2017: the ND280 project

On February 11, 2017, the T2K Collaboration
formal Iy approved by T2K launched its Near Detector Upgrade project. The

. upgrade is targeted at reducing systematic errors in
o
March & May 2017: WOkahOpS at CERN T2K’s search for CP violation in the neutrino sector.
and TO ka| The current conceptual design will be developed into a
technical design, leading to a full proposal, by the end
° Aug 1-2 2017: 4th Workshop, at CERN 0f2017. The collaboration aims to install the upgraded

near detector around 2020, to fully benefit from the
foreseen increase of the J-PARC MR beam power.

Imperial College Morgan O.
Igﬁ\ NA-61/SHINE Meeting, 2017 07 28
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Baseline configuration

We plan to retain
the POD Upstream ECAL

Barrel ECal - ~ PODECal ORepIace most of volume
| . occupied by POD with
horizontally oriented detectors
- . -
¢ Active scintillator target
e Several options being
studied based on
Same as present ND280 tNV\/eC\)Nh?)?itzeC?:](t);JSil'PCS, SCIntI”atOF S’[I’IpS and
TOF deteciors "1 cubes
, I FeD1_ FGD2 . Target eHorizontal gas TPCs
é 0_8:_Muon tracking eff|C|ency_ — eUse resistive
N i micromegas detectors

e \Thenewwnﬁgwaﬁm * TOF detectors surrounding

L fficient for high I
bl e new modules
0—:' ey LJTTT‘&' BT B v S T — ® I h' h I ff' .
mproves high angle efficiency
Studies with full GEANT4 simulation o
Imperial College Morgan O.
I_ZR\ NA-61/SHINE Meeting, 2017 07 28
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Many possible XSEC measurements

e Fourtheutrino fluxes

A 4+ v.mode (‘FHC?) . . Ymode (“RHC")

\ Ve B BV
1osﬁ\ =‘:‘:‘|:|I;—

e Multiple detectors and target nuclei

10m

e Multiple interaction processes
CCQE 2p2h CCn CCn
- - Vu M—
W ™ + NC + ...
A/'/I\'\A
London 2 ,v—JTz i E\ NA-61/SHINE Meeting, 2017 07 28  asaks
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T2K v-nucleus intera/ \tion measurements

e Vibrant program of XSEC meas

e C, O, Fetargets; v, and ve

e Complementary to MINERv

0"

- ‘; : :: ~ L 0.98 < true cosQLl < 1.00 Phys Rev_ D 93 (2016)
S | BooNE dats hased o o £ Ankowski NCQE cross section g —
é 3f :,\): ~:I l e 43 —i‘ ," H'\:\ J\clxlgul.\nk\rn\\h .\'u',u: cross section —; 1o} ~ |05 = no. 1 1, 1 120 12
Sl NEUT prediction for SciBooNE = o 4 —— TKda s glo .
E2s! NEUT ;:n’;u: 12572 S T2K v flux 21y g £ 0af Je <.059“ <0.80
6 [ GENIE prediction for T2K 1= © 3c: E ;: - 1 L -
o) 4 'z ol I 2 -
4| ™ ¥ ~ =03 [
I.SE 52 > 2 2 é= ! [ l /%
I B
| Y- N VAl gaYaal23AY, T A 1
().5: / I .
flux r “
05 TS TN —
E, (GeV) +
Phys.Rev. D87 (2013) (S10] ] € D) US D,
no.9, 092003 T ‘
& LS

PR
04 05 06 07 08
True P, (GeV)

|
2
T (=]
7
-1 o

-5

Lisis 0
8 9 10

= z sofF

; :;::I:;N "“ g E é . Full ph:‘lx«:—sl‘;lcc 10 ;
\I‘I,‘:;R)\ 5‘ TL i “““ (=9 4 F &
v 1 £ s r i a 3 L s 5
3 “+ _________ g E { ;ISOOg i 40F ’ §
l . y F 1 1000 = = 30f ’ ;
1 . 2 X F 2
I:.E mI_Trﬁ N;E) 6 sof . ¢ B
= 2 O 5 <
: _om__ e 500 = 8 %
0 ! E, |(:u\'lb“ (|)umﬂ ) __\;i_‘ 3000 4000 5000 600 rage é‘ > ¢ Garga &
PhyS. ReV. D91 (201 5) Particle Energy (MeV) j [, " average = —— T2K dam é
Rev. D91 (2015) t

no.11, 112002 Phys.Rev. D91 (2015

1 .I 201 O V) E, (GeV)
Phys.Rev.Lett. 113 (2014)

no.24, 241803
e Upcoming meag

e improve resol
e Wider range rtopologies
e Beginningt At new kinematic variables for nuclear model testing

e Antineutrikemeasurements!
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Summary

e T2K is making strides toward goal of studying lepton CPV.

e Until Hyper-K/DUNE era, T2K is most sensitive experiment for lepton CPV,
competing with, and complementary to, NOVA.

e T2K has a vibrant neutrino-nucleus interaction measurement
program.

=) Entire physics program of T2K needs precise flux predictions!

e ND280 & beam line upgrade work upgrade is proceeding well.

e NA-61/SHINE data have played a crucial role in the success of T2K!
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