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Abstract

A measurement of the v, charged current quasielastic cross section on water would provide additional constraints for T2K’s oscillation analysis and serve to guide future neutrino-nuclear
interaction models. We present a selection of v, charged current events using the Pi-Zero Detector (POD) and the Tracker of T2K's near detector. An analysis that includes Data/MC
comparisons and several systematic uncertainties has been completed. In addition, by separating the data sets into time periods when the PAD is filled with water and when it is empty, we
propose a subtraction method that can provide an isolated sample of v, interactions on water only. In this way, we plan to provide a measurement of the v, CCQE cross section on water.

Y | | | u
A
ND280 - POD Cross Section Definition CCOm

* Near detector of T2K | s gt . Ob o . . £ all * Requires an outgoing y,

» Pi-zero detector (PU@D) *4 iR miiiNg « PODECals consist of : Sel?é? e;’,oh experlmehn > v zero 1’s, and allows for
upstream of tracker is a alternating layers of A s t & any number of outgoing
scintillator-based detector JLTA scintillator and lead true reactioiNiCHNENEENE nucleons.

* Tracker consists of 3 _©_wavskengi-hitng i « WT consists of i ESt' o i oo « CCOm has been measured
argon-based TPCs | m=viee alternating layers of e exampl) S Do . on '2C but not H,0O,
interspaced with 2 M Light.tight Cover scintillator, brass, and insige Quc euslcauses a although a fit to M, using
scintillator-based FGDs HEEEEEERERE water COQE mteractlon toloceRp - “ : water data has been done

. Scintillation measured COQEIC ® PhysRevD.74.05200 2
(Phy )
. ) * Therefore, we claim to N’ ,
with wavelength el tor FS Lo » Goal: measure a flux-
shifting fiber, readout MeaSUrG & T .\/ averaged, double-
2 MPPC CCOm, which is predominantly . .
== e via S tom CCQE differential, v, CCOm cross
Beam Barrel ECAL MECaI | Centrl WaterTarget | . Plon absorptlon SeCtlon On O

Event MC-Truth CCOmn Event Selection Efficiency and Purity

Selection R |
_ , 5 F IR 7+ The requirement for a track to enter the
1. Data Quality (Not applicable for = 098 N ++TL+JWHL+ # E Tracker is needed to ensure accurate
MC) N £ 08 + % E momentum reconstruction but affects our
2. P@D Fiducial Volume (~25 cm § 0.7F fL 1 E selection efficiency.
frgm XY edgeg, Z between 0'6§L T :  We are able to select low-angle tracks
midpoints of first and last water- S Ok 8 T E with higher efficiency than high-angle
PODule) gi: T . E tracks, and as 6, approaches /2 our
3. ITrack enters tracker ook o E selection efficiency drops to zero.
4. Select higne e | 1 - This limits our ability to sample the double
negative track in ounch E e differential phase space of 8,-p, and low
5. Single POD reconstructed Pt e et efficiency regions are more dependent on
object per bunch ! MC

Method Statistical Error Reduction

* The PUD is the only detector in ND280 that has run periods in two different « Assuming water-in/water-out samples are o layer Ylayer  Xlayer Y-aye
configurations: water-in and water-out. \We take advantage of this fact! statistically independent, the variance on 0 S e -nggen ,,,,,, I_
«  Our method is as follows: their difference is a sum of their individual o oegen] |
variances. oofe , :.m..,n 135
1. S t les int e The statistical uncertainty on subtracted o l /- S 3, f — |§
- oeparale sampies INto distribution is approx: — e S hl e
- _ . . - i ‘ 3 W E
water-in and water-out 2. lterative Bayesian unfold o(N) 1 N IRl BRS
=~ —_nonO D] M Fdl | 1 ' __
_— Selected MC from reconstructed to true N, VT, : Vil Vo
S ¢ 1 1 o 5;0' ..,_14|80. AM-T460‘ & -14510' ; '-14L20.H' '-13100" & ‘-13L§(_)_
g 6; —L blnnlng ' ' 10 Track Start Z [mm]
St oL « Here N0 are interactions that occurred on . .
S L Water-in Unfolded Toy MC " i Events occurring on O are more likely to
et FiC gl a NOMCAYCIENRE e | reconstruct in X-layer
5 Water-out 271 | « Can reduce the fractional uncertainty by
1 N reducing the non-oxygen background! True Target Nuclei
i3 S | T T T T T T 1 ]
1— 515:_ L Fractional Uncertainty on Subtraction - Selection .
007 ..0!5....ll....1.|5....2|....2-5...3...3.5 4 45 SXI03 2 [ + g . :_ P L Cut E
Recon p. M X _H = F —— Entire POD-FV P-d6A :1334 Wa;t/erMCu -
iF g 0.5 —— No Y-layers © un e ]
[+ 5 .
0.5 :+_ + E 0.4_— _:
3. Subtract the two unfolded e ok ]
0 05 1 15 2 25 3 35 4 45 5 C 7
samples to extract a True p, (MeV’ o I :
. [— | | .
measurement on oxygen The number of events on oxygen is o AL@ T e Cocu oz Fo Oher
given by: :
S x10 Subtracted vs Truth UYNY LN N T T T D U D P S T P (1, Cutting out the Y-layer reduces a large fraction of C
5 | NO - i _pil 0 05 b IS 225333 ‘.‘rrue‘;j [Me\S/] background without losing many O events
= h i w a ' H
§1.2 .- I 8,‘ 8,'
) = : : . ‘. :
2 f L: The indices / andj indicate true
= [
= 1 and recon bins, N is the number .
O )
o L S m O
< .'_I of events in the bin, R the flux ySte atICS and UtIO()k
08fF | . , .
BNl nommalizationiraticleeR eSSl « The three major contributions to our systematics are beam flux, interaction modeling
osF| T and water-out samples, ¢ the selection and detector systematics. Reweighting methods exist to help give handle on first two,
1 efficiency, and U is the unfolding we need to focus on detector systematics related to our measurement. For example,
04 L+1 matrix. Then the cross section is: fiducial volume and mass uncertainties, energy reconstruction differences and track
: | NP matching all need to be understood.
02 | | do, = ———, |
: | F“N.D » |ots of work to be donel!
. Lol oalone, k10’ i i
DTS TS 2RSS 4T o [I\i V] e B . TRr?feTrgrgcgsn boration. The T2K Experiment. DOI: 10.1016/}.nima.2011.06.067
rue pu e e ollaboraton. e Xperiment. 5 - J.nima. .Uo.
Nn the number of nucleons, The T2K Collaboration. Precise Measurement of the Neutrino Mixing Parameter 6,5 from Muon Neutrino Disappearance in an Off-axis Beam. arXiv:
and D. the bin width UGO8, e, 20N, , i) . e
l Melody Ravonel. Measurement of the Inclusive v, Charged Current Cross Section in the Near Detector of the T2K Experiment. PhD Thesis, University

of Geneva, 2012.



