Exploration of the beam profile using the ND280 detector in the T2K experiment
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Introduction * With new frames of references, it is possible to determine from the reconstructed neutrino
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oscillations over long distances. | FHC,CCOmlp, uTPC+pTPC,E,>2GeV echs r.uc e. FHC,CCOnlp, uTPC+pTPC,E,>2GeV
_____ 50 Neutrino direction
- 40
P T dump detectors ff ~vis ==V 240 2 —|—|_‘_I_'_'_‘_,_,_,—"
R i S P @ owe [ p ’
station decay muon o ———— : w— 30 Before the ‘— /
pipe monitors N-axis Super-Kamiokande o o
| ] | < ! 7 centre of =20 After the
Oins 110m 120m  280m 4 295km 220 the frame of E centre of the
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Fig. 2: The ND280 near detector. [2] T2K work in progress T2K work in progress| ~ reference
T2K has near a detector (ND280 in Fig. 2). Its purpose is to constrain neutrino beam 150 100 50re-:og 9[“]50 00 120 7100 SGrecu?: 0[°150 10010
properties such as flux and energy spectrum and to control systematic uncertainties. Fig. 7: Example of the reconstructed neutrino direction (¢) for the end of the decay

Neutrino production steps: volume (left) and the beginning of the target (right).

* Neutrinos produced before the selected reference frame centre -> average ¢ < 0°.

* Accelerated protons hit a graphite target. _
> &rap 2 * Neutrinos produced after the selected reference frame centre -> average ¢ > 0°.

* These collisions produce secondary particles such as pions and kaons.

* Magnetic horns focus the secondary particles (current increased from 250kA to 320kA) +

upgrade plans towards 1.3 MW beam (as discussed in Tetsuro Sekiguchi talk). Monte Carlo true VS reconstruction comparison
* Pions and kaons decay into neutrinos. Neutrino energy reconstruction™:
- E,=E,+E,+E, nowa —My, Where E, = NP2+ M2, E, = VPZ+ M2, E,onova = 28 MeV [4]
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Reasons to place the Near and Far different from the energy reconstruction in T2K oscillation analysis.
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Pions and kaons decay along a 96 m long decay volume. T2K work in progress -—- reco ¢, E,:0.5-0.75 GeV
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Neutrino production location affects the off-axis angle at which the neutrino arrives at decay volume in Z axis [m] ecay volume in Z axis [m]

the near detector, which in turn affects the observed neutrino energy spectrum. Fig. 8: True and reconstructed average ¢ values with respect to the decay volume in the Z

direction (left) and the reconstructed average @ values (right).
Methodology | e
The difference between true and reconstructed quantities arises from nuclear effects,

We propose a new experimental observable to explore the decay position of parent particles: Impacting the outgoing muon and proton. Despite this, the Monte Carlo (MC) true and
 The neutrino direction is reconstructed using muon and proton tracks in CCOm1p events, reconstructed quantities exhibit the same trend—both show decreasing slopes. In the true MC,

@ distributions are broader.

MUTPC + pTPC Interaction Monte Carlo VS Data comparison
ECAL + SMRD Modes Differences in simulation and data can help reveal information on potential misalignments in:
FGD1 TPC2 — > — \\/;/ * The detector.
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v %</'“ Wi * The beam.
> p /./\.\ * The average decay position of the parent particles in the decay volume.
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CCQE Data: FHC (250kA) mode: run 2,3,4,8. Number of POT: 9.78x102%°, number of events: 2950.
ECAL + SMRD .
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Fig. 4. The selection for neutrino interactions used in the projection of the reconstructed 10 T2K work in progress L 0.975
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* The neutrino direction is monitored by the azimuthal ¢ angle (Fig. 5). ’ ecay volume in Z axis ml 012 3 4 5 6 7 8 9
* The global frame of reference is rotated to enhance the sensitivity to the neutrino direction Fig. 9: Reconstructed average @ values with ~ Fig. 10: Correlation matrix for the average ¢ of
(neutrino production position). respect to the decay volume in the Z direction =~ each centre of the frame of reference for the
for reconstructed MC and data events. energy region 0.5-0.75 GeV.
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0 T2K work in progress [T direction Statistical error calculations: The averages of ¢ versus the distances are strongly correlated -
2400 : they share the same events (Fig. 10). We provided the values for the first centre of the reference
5 300 T2K global | Rotated \ system (Fig.11) and the difference of each subsequent point from the first point (Fig.12).
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10 rotated reference frames are introduced (instead of 1). Fig. 11: The average @ values for the first Fig. 12: The difference of each subsequent
. decay volume VS E centre of the frame of reference™. oint (average @) from the first point.
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with each Z axis pointing towards 2 21 1.00 * The proposed experimental observable, with higher statistics, may provide information
the centre of the near detector 2 —41 0.75 about the dynamics of the beam such as the average decay position of parent neutrinos and
o 5 5 5 5
(Fig. 6). 5 ~6- D280 0.50 insights into detector and beam alignment.
2 8- _ =9 ‘ 0.25 * Sensitivity increases when rotating the reference frame, highlighting different parent decay
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position of parent particle in Z [m] * Comparison with MC simulations and data is consistent within 1o for E, <2 GeV.
Fig. 6: The representation of the parent particle decay * Enhances understanding of neutrino off-axis angles and their energy distribution.

positions in the Y,Z axes with respect to the ND280 detector. * Potential to add an additional systematic in the energy reconstruction.
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