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n’ at V Experiments LIPS

O production is one of the dominating cross sections

in the GeV region for neutrino experiments. VWWW\
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The n° decays producing two gammas 99% of the time.

In a rest frame both Y are polarised but in a boosted
frame the energies of each of these gammas can vary.

ccr NC°

Showering gammas constitute a background for neutrino search in both disappearance and
appearance experiments. Knowing the cross section leads to higher precision neutrino oscillation
experiments.

n¥ are also interesting as they can probe different nuclear models and effects.

Most Tt¥ cross section measurements are done as a ratio to the CCnt’ , only one absolute
measurement from MiniBooNE experiment so far.
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0 at T2K T2k

% TheT2K experiment works in energy region below 2GeV where the dominant cross sections

is the delta resonance reaction and coherent production (less than 20%).

Probability to measure 0,3 is small therefore precise knowledge about the background is crucial.

0.3 is non zero! hence search dcp is possible and the precision of the n° cross section very
important.
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Super-Kamiokande J-PARC(
Near Detector 280 m

Neutrino Beam

295 km

Yy At the T2K 7° are measured at at both near and far detector:

The measurement is motivated by the need to constrain the uncertainties in the background
contribution of the NCI7t" interaction to the vV, = V. oscillations.

Current oscillation analysis are based on 102° POT data, NEUT neutrino interactions generator.

T2K will be the first experiment to measure absolute 7’ cross section on water.
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n’ at Super-Kamiokande

NC 7" is one of the dominant background sources at SK 34%.

CC 1¥ constitutes 0.4% background at SK.

T2/K

Super-Kamiokande IV

T2K Beam Run 36 Spill 1039222

Run 67969 Sub 921 Event 218931934
10-12-22:14:15:18

T2K beam dt = 1782.6 ns

Inner: 4804 hits, 9970 pe

Outer: 4 hits, 3 pe
Trigger: 0x80000007
D_wall: 244.2 cm

e-like, p = 1049.0 MeV/c
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Super-Kamiokande IV

T2K Beam Run 32 Spill 294378
Run 66692 Sub 67 Event 15931918
10-04-18:13:57:00

T2K beam dt = 3054.5 ns

Inner: 1414 hits, 2494 pe

Outer: 7 hits, 6 pe

Trigger: 0x80000007

D _wall: 1060.9 cm

2 e-like rings: mass = 140.4 MeV/c"2
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An event display of the final nue candidate event. The circle
line shows the fitted Cherenkov ring. The bottom-right figure
is the hit timing distribution. For more detailed information of
this event.
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An event display of a FCFV two-ring \piAO event. The invariant

mass reconstructed from momenta and direction of the two
gamma rings is 140MeV/cA2.




10 at the near detector ND280 F2K\

The n¥ analysis is performed in two regions :

POD and Tracker The Tracker is designed
for charged current analysis
and good discrimination of

e The POD is ¥ the detector dedicated CC/NC events.

to measure NC 7tV and CC 7tV
channels

UA1 Magnet Yoke

* |tis composed of alternating water
target and scintillator layers

Downstream

e WVill take data with water in and water il ] ECAL
. . . /
out to determine inclusive and noid coil

exclusive 70 cross section on '¢O

 POD is surrounded by 6 ECal modules
constructed with alternating scintillator
and Pb foil

Barrel ECAL

e ECAL is UK built.
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0 at the POD sub detector I=K

POD - 1’ detector

* The POD working group developed a reconstruction package directed to deduce 7’
properties from two showering gammas.

e The event selection criteria to enhance the invariant mass distribution. PID still under
development.

* The reconstruction accounts for multiple interactions in a given beam spill.

Currently analysed data and simulations are made for POD filled with water and without water.

Charged Current

CC n¥ is studied only as a background.
The most recent results of the CC I selection show:

efficiency ~4% & purity ~26% (Analysis under development).
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n’ at POD 1<k

Neutral Current

The SIGNAL of the NCIn° interaction is based on

the presence of particles after the final state
interactions:

- no charged leptons,

- no charged mesons, other than ¥ leaving nucleus,

- any number of protons or neutrons is allowed

(P,n)
Reconstructed ° Energy
> OF |
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o : [ ] External Bkg (3 Entries)
S f B oo : BACKGROUND
~ 20 ]
2 . - charged current events with charged
5 I5F E lepton in final state
84 n -
10F E - neutral current other than NCI 7,
S E - external background (events from
- ] outside POD)
T 200 400 600 800 1000 1200 1400

- other eg. multiple vertices
Energy (MeV)
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NC 170 at the POD T2R\

The currently measured ratio of NC| 7tV data events compared to the number predicted by
the Monte Carlo is:

0.8410.16(stat) [66+13 observed, 7912 expected]
normalised to the CCntY inclusive measurement in tracker: 0.81%0.13 (stat)+0.17(syst)

Future: water in and water out analysis, preliminary studies show that the water out invariant
mass peak can be reconstructed using identical event selection (cuts), more water out data
needed - is taken at the moment
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PODECal Reconstruction T2K\

Designed to increase the statistics and to reduce the systematic errors for the standalone POD:
e Convert non-showering gammas escaping from the POD
* Detect partially escaping gamma showers
* Veto for cosmic rays
PODEcal Reconstruction:
* Clustering nearest neighbour hits
* Principle Component Analysis to determine direction
* Neural Network Analysis used for Particle Identification

Charge Weighted Track Shower Discrimination

Track Width

Axis Max Ratio

Normalised Charge
Standard Deviation

| | | | | | |
1.5 2

TrShval
(Shape normalised)
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POD+PODECal Motivation -+

, . TRACKS
True MC studies of 1" GAMMAS showering

ASQF T T T T T T T =
in different sub detectors 400 =
350F =
300 =
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All generated muons (true vertex)
Muons reconstructed in the POD
Muons reconstructed in the PODECal
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PODECal & POD 1<

NC 7t¥ event fully contained in POD(MC) Escaping Gamma Shower
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PODECal & POD

muon TRACK matching (MC)

XY Projection YZ Projection
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Summary 1<l

n’ are important in the neutrino experiments hence precise

knowledge is crucial to understand background for current and future
measurements.

The T2K experiment has a good potential to precise measurements
n’ cross section on water.

Near detector ND280 performs a number of independent n° cross

section measurements including electromagnetic calorimeter which
can improve standalone sub detectors measurements.
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Backup T2K\

Recent measurements of NC 1 ¥ cross section

SciBooNE? Polystyrene 1.1 GeV Inclusive ratio 7.7 X107 0.5(0.5) x 10
0.8 GeV Coherentratio  0.14 x 10? 0.30 x 107

1. hep-ex/0408134

2. Phys.| Rev. D. 81.3 (2010): 033004, Phys Rev D.81.111102

3.Phys Rev D.81.013005
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Backup 1<k

NEUT interaction modes

Signal NC Background
CC Background Mode Fraction (%)
- 0
Mode Fraction (%) Mode Fraction (%) NCmult-t 358
Coh NCn 51.1 CCn* 39.9 NCq 19.3
NCN! 43 1 CCn’ 21.6 NCdis 13.3
NCn* 13.1
CCmult-r 12.9 NCNz 0.6
NCel 1.9 NCel 6.7
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¥ Event Selection LIPS

pre selection: good data quality: event within bunches time window, 3D vertex

Implement PODECal information into standard POD event selection:

|. vertex within POD fiducial volume < extend fiducial volume
2. Non EM PID

3. Unmatched EM
4. Exactly 2 3D EM showers PID < for I 3D EM shower check PODECal for
I 2D shower-like object

5. Decay muon - no Michele electron

6. Pi0 direction

7. Invariant mass

8. shower separation
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PODEcal Hits
\

Spills & Hits Preparation

Basic Clustering

\
2D Clusters (xy)

Backup T2K\

POD-PODECAL matching

__ __ __2D matching Pattern recognition

Track & Shower separation

PID . )
- 3D matching = 3D matching

2D (xy) . )

Shower-like had ~ ‘ .

| I
y : Trackvfitting
2D (Xy) B == sl ses 0 =i D L | | || | | | | | | | | | = PID
Track-like I
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Sub Detectors

POD

Unstrm Water Targe Certral ECal
TN

Scintillator
Water

Bras
Light-tight Cover
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Upstrmm ECaI Central Wata' Tam

T2/K\
PODECa

= PODECal consists of 6 modules surrounding
POD sub detector

= 2 top modules and 2 bottom modules are
identical

= 2 side modules are identical
= each module contains 6 layers of scintillator bars

and 4mm lead foil aligned along beam direction
only with single side optical readout
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