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Oscillations at T2K
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B The T2K beam
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Near detectors

SMRD
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(no- Downstream
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Solenoid Coil

Barrel ECAL

ND280
2 Off-axis (2.5°) detector
2 0.2 T magnet
2 Trackers, calorimeters, muon
range detectors
Water, carbon, lead, targets.
2 Beam v_, flux, cross sections,

exotics
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T2K oscillation analysis overview

. and far detectors
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T2K oscillation analysis overview

External Hadron
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Flux prediction and uncertainties

ND280: Neutrino Mode, Vi

Hadron Interactions — Material Modeling

Proton Beam Profile & Off-axis Angle Number of Protons
Horn Current & Field — Improved Error

Horn & Target Alignment = = Previous Error
[ ] @xE,, Arb. Norm.
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Cross-section model

* NEUT generator tuned to external

&

TeK flux
— CC Total
— CCQE
--- MEC
—— CC RES

data from MiniBooNE, MINERVA,
bubble chambers, etc

c/E, (10% cm2 GeV)

CC Multi-pi
—CCDIS

Examples:

- CCQE: Relativistic Fermi
Gas (RFG) + rel.
Random Phase
Approximation (RPA)

= CC-RES: pion
reinteractions inside the
nucleus
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Cross-section model
e Sce talk by Kevin McFarland in

parallel session.

— CC Total

— CCQE

--- MEC

—— CCRES
CC Multi-pi

* NEUT generator tuned to external
data from MiniBooNE, MINERVA,
bubble chambers, etc

c/E, (10% cm2 GeV)

*  Examples:

- CCQE: Relativistic Fermi

Gas (RFG) + rel.

Random Phase

Approximation (RPA) = -
= CC-RES: pion 3 =

reinteractions inside the —coos

nucleus |

NNN November 1-3, 2018 Dr Laura Kormos, Lancaster University




ND280 data fitting and constraints

FSI parameters

Prior to ND280 constraint

—+— After ND280 constraint
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FSI 7 Prod.
ESI 7t Abs

FSI Charge Ex. Low E
FSI Charge Ex. High E

Showing only 1 (CCOm) of 14 ND280 data
samples: 6 samples in v-mode and 8 in v-mode

2 Fit tunes ~780 parameters (showing only FSI
cross-section parameters
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Joint analysis withv ,v , v andv
B> oH e e

v-mode 1 CCQE 2685 2682 2685 2689 243

v-mode e CCQE 61.6 62.2
_-----
v-mode e CCQE

observed at SK vs ND data-tuned

ns under oscillation hypothesis using
) PDG 0, and 0,,= 45°.

i3°

bserved in CCln* sample, with prediction of
value for fluctuation this significant in any
1ve samples is 12%.
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v, and v, disappearance:
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v_appearance search
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v and v sample: o,
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v appearance: 0,

dcp (Radians)

IH (Am2, < 0) 0.023
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T2K-1I: upgrade beam and detectors
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ND280 upgrade
ND280 upgrade configuration

2 T2K-II goal: reduce detector
systematics to ~4%

= improve acceptance, timing,
efficiency for short tracks.

MHigh-Angle TPCs)|

@ Replace (most of) POD with scintillator
detector + 2 high-angle TPCs and TOF.

= 1mprove acceptance for large-
angle tracks. upport, test beam was this

@ Keep current “tracker” (2 FGDs + 3 TPCs)
& upstream part of POD, as well as ECal,
magnet & SMRD.

stall upgraded ND280 in

= keeps continuity and forward
— acceptance.
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ND280 upgrade

See talk by Etam Noah Messomo
ND280 upgrade conﬁguration in the Detector parallel session.

systematics to ~4%

= improve acceptance, timing,
efficiency for short tracks.

AGASCI/BabyMIND
laboration has become part of

MHigh-Angle TPCs)|

@ Replace (most of) POD with scintillator
detector + 2 high-angle TPCs and TOF.

: 3D scintillator/water detector)
= 1mprove acceptance for large-

angle tracks. upport, test beam was this

@ Keep current “tracker” (2 FGDs + 3 TPCs)
& upstream part of POD, as well as ECal,
magnet & SMRD.

end 2018.
stall upgraded ND280 in

= keeps continuity and forward
— acceptance.
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SK upgrade

— n

. V . ©
+ Additional SK data samples under study < P = N %G d
*, NCn? in both FHC, RHC = v

ﬂMeV

AT~30ps, Vertices within 50cm
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Summary

2 T2K has a rich and varied neutrino physics programme
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Oscillations at T2K

r—| Appearance N\
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W  ND280 events

hadrons

TPC1 TPC2 TPC3

FGD1 FGD2 ECA
quasi-elastic candidate

single pion candidate DIS candidate
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Flux uncertainties

8 Hadron production uncertainties

= NA61/SHINE uncerts

= Re-interactions,
Secondary production

SK: Neutrino Mode, Vyu

Hadron Interactions Material Modeling
Proton Beam Profile & Off-axis Angle =~ Number of Protons
Horn Current & Field 13avi Error

Horn & Target Alignment
=<E,, Arb. Norm.
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......

OO0 —bedadad
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[mrad] [events/iel14 POT]

Hadron Interactions
Proton Beam Profile & Off-axis Angle

——— Mumber of Protons
Horn Current & Field

Horn & Target Alignment
[ 1 @xE_, Arb. Norm.
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ND280 samples, v-mode
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Flux predictions at SK

Neutrino Mode Flux at the far detector Antineutrino Mode Flux at the far detector
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from Mark Hartz, KEK talk Aug 2017

FITQUN RECONSTRUCTION ALGORITHM T2K

» Previous T2K analyses have used the event reconstruction algorithm APFit

» For this result, event reconstruction at Super-K updated to use the fiTQun
algorithm

» fiTQun uses a charge and time likelihood for a given ring(s) hypotheses
» Maximizes likelihood for each event

» Complete charge and time information in the likelihood leads to
improved event reconstruction

» fiTQun previously used in T2K analyses for the rejection of n® from
electron neutrino candidates




from Mark Hartz, KEK talk Aug 2017

THE FIVE SAMPLES T2

.......................................................................................................

» Using the reconstructed fiTQun quantities, five samples are selected:
Neutrino Mode (forward horn current FHC): v, (V,)+N —lp(u+)+X
(CCQE) 1 Muon-like Ring, <1 decay electron/ E'l('g)_}_f (v.)+v.

."-..,, .,,-"': ¢ " W
(CCQE) 1 Electron-like Ring, O decay electrons,. 77

(CClm) 1 Electron-like Ring, 1 decay electron v, (V,)+ N—>e(e+)+ X

v,+ Noern'+X
2

Antineutrino Mode (reverse horn current RHC): Lf-l-“l-l',1

CCQE) 1 Muon-like Ring, <1 decay elect .,
(CCQE) uon-like Ring, ecay electron v,V
(CCQE) 1 Electron-like Ring, 0 decay electrons "

No antineutrino mode CC1m sample due to ... = detected particles
absorption
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