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The off-axis Near Detector: ND280

+ Unoscillated v, and v, measurements: constrain
flux, cross section and background for oscillation

+ Cross-section measurements on CH (active) and
H,O (same target of Super-Kamiokande)

¥ 50k v, events in 6:10% protons on target (POT)
accumulated in neutrino beam mode
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ND280 constraints for osm“a!mn ana—yse

T2Kv dlsappearance PRL 111 211803, 2013 ¥ Inthe previous talk G. Christodoulou
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ND280 constraints for oscillation analyses

# Flux and interaction models constrained to 3% level except for uncertainties
related to different target material of near vs far detector (CH vs H,0)

¥ ND280 greatly improves predictions of event rates at Super-K using its fully
active CH target, now is important to improve the constraints on water,

using FGD2, the water target

2014 analysis

2015 analysis

T2K oscillation systematic v, sample v sample v, sample v sample
(fractional) errors 2014 2014 2015 2015
v flux 16% 11% 7.1% 8%
v flux and without ND280 21.7% 26.0% 9.2% 9.4%
Cross ( constraint ( ( '( (
section WITH ND280 2.7% 3.2% 3.4% 3.0%
constraint
independent cross sections 5.0% 4.7% *10% *9.8%
(different nuclear targets)
Final State Interaction / 3.0% 2.5% 2.1% 2.2%
Secondary Interaction at Super-K
Super-K detector 4.0% 2.7% 3.8% 3.0%
14.4% 13.5%

Total( without ND280 constraints

WITH ND280 constraints

( 23.5%
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( 26.8%
6.8%
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ross-Ssectl

¥+ T2K is producing world-class measurements for a variety of neutrino

interaction channels at few-GeV energies:

How to constrain

Cross section analyses at ND280: separately flux and
cross-section?

¢ Inclusive v, Charged-Current (CC) Cross Section on carbon Hard to deal with
(Phys. Rev. D 87, 092003, 2013) — hard 1o deal wit
: : neutrino Interaction
¢ Inclusive v, CC Cross Section on carbon theory
(Phys. Rev. Lett. 113, 241803, 2014)
¢ v, CC Quasi-Elastic Cross Section on carbon more measurements really needed
(Phys. Rev. D 92, 112003, 2015) >1.4F arXiv:1310.4340v1 [hep-ex]
¢ v, CC Coherent on carbon 2 ] 2: ] 1
(preliminary) E “E
¢ v, CC 0z on carbon (preliminary) 5.3: 1=
¢ v, CC Lz on carbon (preliminary) =, 8:—
<& v, CC 1xz+ on water (preliminary) :0 6 n { 1k
¢ many other work in progress % F
< Inclusive v, CC gwater/gscini> §°'4 3
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Charged-Current (CC)
1Tt

Ccross section

In water FGD2
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TU ON

+ Signal: Charged-Current (CC) interaction X B
with 1 z*, in water \/
WA\
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¥ 6 water modules interleaved by XY modules:

2 layers of scintillating bars (J 1x1 cm?), v
192 bars each .

e-(vertical bars), carbon and

water events w
-(horlzontal bars), mainly carbon ~
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CC 11" signal an

¥ Dominant background:
¢ CC 1x* in scintillator
¢ CC non-1x*: O, Nz, lx*+Nmesons
(dominated by DIS)

— Two control samples to constrain
the background (MC agrees with data)

v, CC1n* scintillator
|: v, CCnontr" water

vy CCnonir* scinti
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CC 1w’ resu‘ts —

T2K data Vs MC v generators

¥ Flux-integrated differential

. ] ] 0.14 T2K Prellmlnary - - NEUT
cross section with the Bayesian 012  GENE
unfolding method of D'Agostini 01 - T2K data

(arXiv:1010.0632 [physics.data-an]) 0.08

0.06
0.04
0.02

¢ In muon kinematics

T

¢ in pion kinematics

do/dp_(x 10°® ¢cm2/ nucleon / GeV)

N III|III|III|III|III|III|III|II

¢ in muon-pion angle 02704 06 08 1 12 14 16 18
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o

¢ in reconstructed neutrino energy T2K dat M t
d a VS V genera ors
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T2K Prellmlnary -- NEUT
— GENIE
-o-T2K data

+ Suppression at low pion
momentum and low pion angle
(forward direction)

do/dcos 6, (x 107% ¢cm2/ nucleon )
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CC 11t results

+ We can condense our measurement into one flux averaged point:

also the total cross section is lower than the prediction for both
GENIE and NEUT (MC neutrino generators)

¥ Both generators use the Rein-Sehgal Model, but with different tuning

T2K data vs MC v generators
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(Aslo MINERVA observes that GENIE overestimates this channel)
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Inclusive
Charged-Current
Gwater d2 Gwater d2 O,scint
— and /
o ™ dp, dcos©, dp, dcosO,
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Water measuWemen

+ Use both FGD1 (fully active CH) and FGD2 (interleaved with water
modules): very similar design meant to do subtraction analyses

-~
\

FGD1 . .

TPC2

-

-— o -
W
2
Z

¥+ FGD2 = ~ 400 Kg of water + 53% of FGD1 (in the fiducial volume)
(errors on masses are 0.6 %, as built)

— The cross section on water can be achieved by subtraction
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Inclusive

Events

3000

2500

— flux normalization cancels 2000

— detector syst. cancels "
+ Inclusive CC sample
— high statistics

— high purity (strong signal,
only the muon matters)

\ aim for very small

uncertainties and fine binning

(stat. 2.3% for total cross section,
even smaller systematic errors)
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Summary

+ ND280 is essential to reduces the systematic uncertainties
in the predicted event rate at Super-Kamiokande

¥+ First exclusive CC1.x* cross-section measurement in water
indicates suppression in pion kinematics

+ o"@*" can be achieved by subtraction of cross sections from
almost identical sub-detectors

+ gvater [ gseint will have very small uncertainties (< 3%)

¥+ Plenty more work to be done on neutrino cross sections!
(If we are lucky, CPV may be around the corner...)
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