Improving T2K near detector fit by adding proton information
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NIDIZEJ0 fit is a crucial part of T2K oscillation analysis. Its main goal is to
constrain the cross-section and flux model by fitting unoscillated MC Gradient Decent
predictions to ND280 data. Those constrains are passed to the T2K Far s

PrOton Tagged Samples Detector, where fit with samples takes place. 5

: ; i Two separate methods are used for ND280 fit: frequentist Gradient Decent
T2K has been using NIDZEJ0 event samples based on pion tagging in | and Bayesian Markov Chain Monte Carlo (MCMC). In both methods the

T2K is a long baseline experiment studying neutrino
oscillations in appearance and disappearance channels.
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Neutrino or antineutrino beam production — J-PARC.

A
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Near Detectors — INIDZ&(0, INGRID, WAGASCI.

: a recent analysis [2]. After good performance of proton based Poissonian Log Likelihood (Eq. 1) ©, with Barlow-Beeston correction et
tlerelge i0lu sl il dp samples in T2K cross section measurements [3, 4] there is ongoing | (P 9g,) [1], 1s minimized.
i ' work on adding new samples, based on proton tagging, to the s : . . e
(Time Projection Chambers) i f The Likelihood considers muon kinematics (momentum and emission
* Momentum measurement. ‘ ND280 fit. angle) for each ND280 event samples (there were 18 event samples used In ——

NIDZE0 is used to constrain cross-section and flux models * Particle identification (dE/dx 2020 analysis [2]). .

measurement).

which allows to obtain more precise measurements of Proton tagged samples: CCOPi-Op and CCOPi-Np originate from

ilati =GD (Fine Grained Detector : : : . ' : e : : :
oscillation parameters. : Targét :nass ! ) split of CCOPi (events without reconstructed pions) based on proton Al\ddlngtjhr_\e\li\{ sampltes glzl_es additional freedom to the fit however it requires
. ' : SR : also rethinking systematic error. ﬂ - |
: : : * Recoil proton detection. multiplicity reconstructed in TPC and FGD. samples bins v 3 _
NIDIZE10) is also used in standalone cross-section measurements. « Contained pion tags. iy (*) Full formula also —2log L, = 2 y: y: (NM ¢ — Npuea + Npaa log J\Pm) n ( i
ruddl SN S BN AR B AR MR I includes penalty terms. i i “YMC
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The reconstruction threshold for G,[f . ~CfficencyinND280[5] -

protons in ND280 is around 450 MeV.

Ability to constrain 2p2h models
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Properties of Proton Tagged Samples This means more than half of protons . T | g
i remain undetected SO S Nieves et_. a_l. model [6] descrlbln_g 2p2h Interactions has very
Both samples occupy different phase  _ : 0.1 o +“C characteristic two peak structure in phase space of energy and
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3 . In case of CCOPi-Op most of neutrino Oj 3 | i i : CCOPI-0D - vl / .
RRSER  momerum i en by the muon, - Selection Flow in ND280 Fit TR

" which is going forward. CCOPi-Np - higher g,/q5 region.

momentum transfer. Proton tagged has distinctive distribution:
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Wbl CCOPi-Np events contain a high . T2K Work in Progress
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CCOPi-0p - lower muon a higher angle. CCOPi-Np - higher muon

momentum, mostly forward momentum, more muons
going muons. CCOPi-Op CCOPi-Np going at higher angle.

In ND280 fit there is parameter which allow for shifting between the T}
two q,/g; regions in the analysis. With proton tagged samples we can True g, [MeV)
better probe this parameter. _ ... e
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2p2h Interactions: Nucleon Pairs

2p2h interactions of neutrinos can happen on proton-neutron
(pn) pair or neutron-neutron (nn) pair.

Both Nieves et. al. and SUSAvZ [8] model predicts different
Kinematic properties of proton coming from pn or nn pair.

Enhanced ability to constrain CCQE
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By constructing a parameter which changes the ratio of such
pairs we can try to estimate the sensitivity of proton samples
to this effect.

CCOPi-Np (CCQE)

Proton tagged samples have distinctive distributions of Q2 and 90 I R S W
can help to better probe lower and higher regions of Q2. I
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Low Q¢ events can be suppressed by Pauli Blocking [7]. Pauli S e N I — Both proton tagged samples have similar | _
Blocking and binding energy involves releasing the nucleon after SN LY LA | sensitivity to this parameter. Increase of pn shifts events to higher
It has a certain momentum, which translates to Pauli Blocking o T B T2K Work in Progress | = e — . PNNN_Shape '\ momentum, forward going protoy
cutting into low Q2 in this case. A IR B w8 SN — -
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Most of the protons that are reconstructed in the INIDZEJ0) have lots T T mg;‘ T Summary : S
OF momehim, So areliEgliertenthy Fanit BIGCKING, anc the 3 JII’ Proton tagged samples due to different properties References i :
events that don't have a visible proton will often have a proton of 5ol J9 P : £hdigl 11 Comput. Phvs. C 1993 J,H’!
relatively low momentum, so is more affected by the Pauli : — CCOPiI-0p J,fr can help to better constrain several cross-section sl e g it
oy , y o i offants: arXiv:2101.03779 o "l
Blocking. B CCOPi—PJp Jfrl Phys. Rev. D 101, 112004 (2020) g s
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By looking at the parameter which affects Pauli Blocking in T2K :
MC, we can see that most of sensitivity to this effect on T2K MC 20
comes from the CCOPI-0p sample.
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of low Q2, consequence of better gy and g5
separation.
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Increase of 1 shifts events to | ) T2KWorkin Progress.
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« CCOPi-0p higher purity for CCQE, i e _
CCOPi-Np better purity for non-CCQE  * SenS|t_|v_|ty In separation of pn and
contributions. pair in 2pZh model. UMO-2018/30/E/ST2/00441
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