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Overview

« T2K and ND280
« CCOm cross-section results at T2K
« Cross sections using proton information

- CCOm using proton kinematics
- CCOm using transverse kinematic imbalance

« Future work and Summary
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The T2K Experiment
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Neutrino Interactions at T2K
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What can we measure

Interaction Interaction .
Modes Topologies
CCQE ! - ccom -
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n o n n p?
| CCOm+Np
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Nuclear effects
obfuscate inferaction
mode

To minimise model
dependence we
measure interaction
topologies

Interaction modes in

CCOn topology:
(NEUT MC)

CCRES
6.91%

Other
0.38%

2p2h
12.11%

CCQE
80.60%




ND280 (off axis)
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ND280 (off axis)
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Previously at T2K ...

« T2K and ND280
« CCOm cross-section results at T2K
« Cross sections using proton information

- CCOm using proton kinematics
- CCOm using transverse kinematic imbalance

» Future work and Summary
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ND280 Off-Axis CCOmr Result

0.70 < true cosd, < 0.80 0.94 < true cosf, < 0.98
. Uses FGD1 as a CH target = -l
alongside TPC for tracking L
- Flux-integrated double- —
differential CCOm cross section=g oz , _ .i
in final-state muon kinematic G603 03 0T 000 Ds 0 05 1 L N
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VOrIObleS (pu" COS(G”')) 0.70 < true cos, < 0.80 0.94 < true cosB, < 0.98
2 T T T T T p= F T T T T
o . — C ] 0.9;—
« Split into two analyses with +3 1 108
different selection and cross- =5 *% =R ;
. . . =g 06 4 05F
section extraction strategies = | == {04
o 04r 1 03F
- Good agreement B8 o2
o = + ] o
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» Results compared to the True p, (GeV) True p, (GeV)
Nieves and Martini models + Data: shape uncertainty Martini et al (w/o 2p2h) =======- Nieves et al (/o 2p2h)
Wiih /Wiih o Ui. 2 p 2 h Flux normalization uncertainty Martini etal e Nieves et al

M. Martini, M. Ericson, G. Chanfray, and J. Marteau, Phys. Rev. C 80, 065501 (2009) J. Nieves, I. R. Simo, and M. V. Vacas, Phys. Lett. B 707, 72 (2012).
M. Martini, M. Ericson, G. Chanfray, and J. Marteau, Phys. Rev. C 81, 045502 (2010) J. Nieves, F. Sanchez, I. Ruiz Simo, and M. Vicente Vacas, Phys. Rev. D 85, 113008 (2012)

Detector: ND280 - FGD1 Target: CH Signal: CCOr  Variables: u-kinematics  Status: Phys. Rev. D 93, 112012

Stephen Dolan

Nulnt 2017, Toronto, Canada 11




ND280 Off-Axis CCOr Result
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- More details in these L R R s o GENIE

proceedings: ICHEP16, NuFact1é
Detector. ND280 - P@D Target: Water Signal: CCOr  Variables: u-kinematics Status: Paper in preparation
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http://www.t2k.org/docs/proc/077/cc0pip0d
http://www.t2k.org/docs/proc/080/sdolannufactpostpbreview

W h d -|- N eX'l' 8 Diagram by Laura Fields

ﬂ Fermi Mliltl_ Final State
: v Momentum sucen Interactions
Interactions

One cross-section
measurement

«  Would like to disentangle the role of separate nuclear effects and
the free nucleon cross-section.

« Current results provide an important piece of the puzzle but further
complementary measurements are needed...
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Measuring proton kinematics

« T2K and ND280
« CCOm cross-section results af T2K
« Cross sections using proton information

- CCOm using proton kinematics
- CCOm using transverse kinematic imbalance

» Future work and Summary
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Measuring proton kinematics

« u-kinematics only tell us everything about v + N scattering
assuming a stationary target and an elastic scatter

* Proton kinematics allows a new handle on nuclear
effects

« Simulations have weak predictive power to describe
proton kinemartics
 Nuclear effects are very difficult fo model

« First time looking at proton predictions for T2K
> Essential to ensure minimal dependence on simulation

A

« Measure fiducial cross section } See slides

... ) ) from State of
* Minimise role of MC in unfolding The Nu-fion

Stephen Dolan
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https://nuint2017.physics.utoronto.ca/state-of-the-nu-tion-premeeting/program

Event Selection
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&
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CC ] T CCOTher O. Benhar, et al., Phys. Rev. D 72, 053005 (2005)

J. Nieves, I. R. Simo, and M. J. V. Vacas, Phys. Rev. C 83, 045501 (2011)
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A request from yesterdays GiBUU talk

QE +p, C12 at least 1 p, w fsi
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et . :

Need proton spectra from experiment

NUINT 2017 ' Theoretische Physik
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CCOm using u + p kKinematics
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—+ T2K — GENIE2.8.0

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: u + p kinematics Status: Paper in preparation
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CCOn using u + p kKinematics

Cross-section extraction method also allows simultaneous
extraction of number of protons with p,, > 500 MeV /c

« Observe interesting excess over GENIE prediction (which
has no 2p2h contribution)

pp > 500MeV /c

~
) o
S °F —+ 12K
© C |
B — GENIE 2.8.0
4 | Syst. + stat. error
- | Syst. error only
3
21—
1
[ T2K Preliminary
C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 1 1 1 1 I 1 1 1 1
%s 0 05 1 15 2 25

Number of Protons

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: u + p kinematics Status: Paper in preparation
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Single Transverse Variables

Vytn ou+p
v [

\/

74

No nuclear Effects

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: single-transverse Status: Paper in preparation

20
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Single Transverse Variables

Vytn ou+p
v [

\/

74

No nuclear Effects

pp = —p}

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: single-transverse Status: Paper in preparation

pAl
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Single Transverse Variables

Vy+tN o p+N'+27?

With Nuclear Effects

l p
: Pr ¥ —Pr

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: single-transverse Status: Paper in preparation
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Single Transverse Variables

Vy+tN o p+N'+27?

* Any deviation from dp;y; =0, §¢pr =0
is indicative of nuclear effects

« STVs offer an interesting probe
of nuclear effects

pV

« STV shape is :
independentof M, | /[,

Phys. Rev. C 94, 015503 (2016)

Detector. ND280 - FGD1 Target: CH Signal: CCOn+Np Variables: single-fransverse Status:

N preparation

Stephen Dolan Nulnt 2017, Toronto, Canada
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CCOn+Np in STV

« Measure fiducial flux-integrated CCOm + Np ——
cross section in bins of STV p, > 250 MeV /c

. . cos(@u) > —0.6
« Restrict cross section to ND280 acceptance —

« Essential to mitigate model-dependence of 450 MeV /c <p,<1GeV/c
acceptance correction cos ( Hp) > 0.4

\

« Extract cross section using a binned likelihood
fit with a data driven regularisatfion

« Compare results to predictions available from
plethora of generators using NUISANCE

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: single-transverse Status: Paper in preparation
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CCOn+Np in STV

« Measure fiducial flux-integrated CCOm + Np ——
cross section in bins of STV p, > 250 MeV /c

. . cos(@M) > —0.6
« Restrict cross section to ND280 acceptance —
« Essential to mitigate model-dependence of 450 MeV /c <p,<1GeV/c
acceptance correction cos ( Hp) S 0.4

« Extract cross section using a binned likelihood
fit with a data driven regularisatfion

« Compare results to predictions available from
plethora of generators using NUISANCE

* Prepare for some franken-models!

Detector: ND280 — FGD1 Target: CH Signal: CCOr+Np Variables: single-transverse Status: Paper in preparation

Stephen Dolan Nulnt 2017, Toronto, Canada 25



CCOn+Np IN
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« The peak position and early bins in épy
and 6 ¢ tell us about Fermi Motion.
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CCOn+Np N STV
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The peak position and early bins in §py
and 6 ¢ tell us about Fermi Motion.

« The tails in §p; and 6 and the extent
of the rise at large da partially isolate
the effects of Fermi Motion from 2p2h.
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25 30
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CCOn+Np In STV
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The peak position and early bins in §py
and 6 ¢ tell us about Fermi Motion.

The tails in §pr and §¢ and the extent
of the rise at large da partially isolate
the effects of Fermi Motion from 2p2h.

Weaker FSI causes a relative deficit of
events in the tails, but an increased
normalisation.

Stephen Dolan
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CCOn+Np In STV
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Generator Comparisons
« Plenty of separation

« Result disfavours a "Fermi cliff’ in §py

 GENIE shape in first bin of each STV
related to FSI model ("*hA")

 Nuclear effect isolation
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Future work and Summary

e T2K and ND280
o CCOm cross-section results at T2K
» Cross sections using proton information

- CCOm using proton kinematics
- CCOmr using transverse kinematic imbalance

» Future work and Summary
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Future work with protons

CCOm and inferred kinematic imbalance

« Under stationary target and elastic scattering assumptions can infer
proton kinematics from measured u

 Non-zero imbalance between inference and measured proton
indicates presence of nuclear effects or CC-non-QE interaction

 Measure (using FGD1 as a CH target with TPCs for tracking):

= — CCQE
~3- 0.16:— . 2p2h
Qo — RES ] il
0.12i E_
0.1~ | H
0.08(— . g-
0.04— : g'
02 0.02— . ;
0; -4 -3 2 -1 0 1 2 3 4 S o '.sé)d — ‘.2:](). 100 100 = Iz(;ol — .360. ! % 05 1 15 2 25 3 35 4 45 [
Ap, (GeV/c) A6, (degrees) |Ap,| (GeV/c)
_ |, inferred measured _ pinferred _ nhmeasured _ |pinferred _ _measured
Ap, = |ph | — Ip® AG, = 6, K APyl = IPy Pp |
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Future work | .

* 4 angular coverage (See Alfonso’s CCinc talk)
«  Make more use of the ECals and TOF information
« Can achieve ~ 4 acceptance with reasonable €
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https://meetings.triumf.ca/indico/event/6/session/5/contribution/82

Future work
* 4m angular coverage (See Alfonso’s CCInc talk)
Make more use of the ECals and TOF information S
« Can achieve ~ 47 acceptance with reasonable e
« CCOmx v + v joint analysis
«  2p2h contribution may be different forv and v * ofoaf
- Aim fo extract v + v sum, difference, asymmetry
Detector: ND280 - FGD1 Target: CH Signal: CCOn Variables: u-kinematics 001'0., TRERTR IR AR R Ry 3
* M Martini: E, [GeV]

PHYSICAL REVIEW C 80, 065501,
PHYSICAL REVIEW C 81, 045502
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Future work

* 4m angular coverage (See Alfonso’s CCInc talk)
Make more use of the ECals and TOF information S
« Can achieve ~ 47 acceptance with reasonable e

« CCOmx v + v joint analysis
« 2p2h contribution may be different forv and v *
« Aim to extract v + v sum, difference, asymmetry

Detector: ND280 — FGD1 Target: CH Signal: CCOr Variables: u-kinematics 00: b e ',,,':
E, [GeV]

“npﬂh/GUl:

0.2f

2 * M Martini:
« vCCOm on water using P@D PHYSICAL REVIEW C 81, 045502
« Use P@D to measure v on water to complement CH result above

Detector: ND280 - P@D Target: Water Signal: CCOrr Variables: u-kinematics

Stephen Dolan Nulnt 2017, Toronto, Canada 34




Future work

* 4m angular coverage (See Alfonso’s CCInc talk)
«  Make more use of the ECals and TOF information R R A0 napg A
- Can achieve ~ 4t acceptance with reasonable e o f e

« CCOmx v + v joint analysis
« 2p2h contribution may be different forv and v *

o2l

S p-nh 6UL
o
\ 2 ~..
\ \
\ '~.
\
'
1

. _ . : v RPA
« Aim to extract v + v sum, difference, asymmetry — bare
Detector: ND280 — FGD1 Target: CH Signal: CCOr Variables: u-kinematics 00: b bt el
2 * M Martini: E, [GeV]
« vCCOm on water using P@D PHYSICAL REVIEW C 81, 045502
« Use P@D to measure v on water to complement CH result above
. . . . wlayer water
Detector. ND280 — P@D Target: Water Signal: CCOrr Variables: u-kinematics \
« vCCOm on water using FGD2 Lt/
« Use FGD2 water layers fo measure CCOr on water p
Detector: ND280 — FGD2 Target: Water Signal: CCOrr Variables: u-kinematics
y-layer
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Future work '

* 4m angular coverage (See Alfonso’s CCInc talk)

Make more use of the ECals and TOF information S
« Can achieve ~ 4 acceptance with reasonable €
« CCOmx v + v joint analysis
«  2p2h contribution may be different forv and v *
- Aim fo extract v + v sum, difference, asymmetry
Detector: ND280 - FGD1 Target: CH Signal: CCOnr Variables: u-kinematics o(,: R A YRR TR LR T e
i * M Martini: E, [GeV]
« vCCOm on water using P@D PHYSICAL REVIEW C 81, 045502
« Use P@D to measure v on water to complement CH result above
Detector: ND280 — P@D Target: Water Signal: CCOrr Variables: p-kinematics xlayer il

« vCCOmr on water using FGD2 ‘o
« Use FGD2 water layers to measure CCOmr on water

Detector: ND280 — FGD2 Target: Water Signal: CCOrr Variables: u-kinematics

« INGRID CCOx Analysis

+  Use INGRID (EP°*~1.2 GeV) to compliment FGD1 analysis (EP°*~0.6 GeV)
Detector: INGRID Target: CH Signal: CCOr Variables: u-kinematics

y-layer
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Future work '

41t angular coverage (See Alfonso’s CCInc talk]

Make more use of the ECals and TOF information S
« Can achieve ~ 4 acceptance with reasonable €
CCOm v + Vv joint analysis
«  2p2h contribution may be different forv and v *
- Aim fo extract v + v sum, difference, asymmetry
Detector: ND280 - FGD1 Target: CH Signal: CCOnr Variables: u-kinematics o(,: R A YRR TR LR T e
i * M Martini: E, [GeV]
vCCO0m on water using PGOD PHYSICAL REVIEW C 81, 045502
« Use P@D to measure v on water to complement CH result above
Detector: ND280 — P@D Target: Water Signal: CCOrr Variables: p-kinematics xlayer il

vCCOn on water using FGD2 ‘o
« Use FGD2 water layers to measure CCOmr on water

Detector: ND280 — FGD2 Target: Water Signal: CCOrr Variables: u-kinematics

y-layer

« INGRID CCOx Analysis

e Combine it alll | petector: FGD1+2 (+ INGRID) Target: CH+H,O Signal: CCOr(+Np) Variables: 222

+  Use INGRID (EP°*~1.2 GeV) to compliment FGD1 analysis (EP°*~0.6 GeV)
Detector: INGRID Target: CH Signal: CCOr Variables: u-kinematics
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Summary

« T2Kis measuring cross sections of exclusive final-state topologies

 New techniques in use to complement each other and existing results
- Analyses specifically engineered to probe nuclear effects

« T2K has made its first measurements using proton kinematics
- Including a measure of single-transverse kinematic imbalance
- Interesting model separation and nuclear effect isolation

*  Many more results coming soon!

0.70 < true cosf, < 0.80 0.800 < True-u cosf < 0.850 = pp > 500MeV /c 2 X10% T2K Preliminary
2F T T T T T T p= = 2. E .‘-’“ C T T T T T m|
—_— ! 2: Martini et al (w/o 2p2h) 1 § 2; T2K Preliminary g‘_— —I— T2K 2 L NuWro11, CH ]
o if g 2 : 8 1of —4— T2K 3
L2 : ] § s SE — GENIE2.8.0|| « [ RFG+RPA e
|5 08F 1 & 18 NEUT (tuned) g E sf (non rel.) 1
5 S Ea S ] % 14 un ‘E —'—Svst.+star. error | — LFG ]
—[2 osf { 5 1.21 data (unfolded) E Syt erroronly é 6l SF .

— o 1 2 E | B  ceeeeiennes r
@ 0.4} : < o8 GEN'E E é 4 4
olé F GE 06 s F ]
02 BE 04 E bla 2 —
= :é" i § 0.2 - T2K Preliminary f -D|°'8 : ]

0001 02 03 04 05 06 07 08 e L Tennice] L % oz 04 06 o8 10
True P, (GeV) » Number of Protons 3p,(GeV/c)
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Thank you for listening
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BACKUPS
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(POT = Protons On Target)
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« Continuous rise in beam power from ~225 kW (2014) to ~450 kW (2017)

« Using this fo make world leading measurements of oscillation
parameters (see talk by Raj Shah)
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v-Interactions and Osc. Analysis

Fractional error on the number of expected events at SK with and without ND280

vy sample |vesample |v,sample |Vesample
1R, FHC 1Re FHC 1R, RHC 1Re RHC

v flux w/o ND280 7,6% 8,9% 7,1% 8,0%
v flux with ND280 3,6% 3,6% 3,8% 3,8%
v cross section w/o ND280 7,7% 7,2% 9,3% 10,1%
7 o iorwin ot 4 % ik 59|
v flux+cross section 2,9% 4,2% 3,4% 4,6%
ety ot~ 1% 29 ik 296
Super-K detector 3,9% 2,4% 3,3% 3,1%
Total w/o ND280 12,0% 11,9% 12,5% 13,7%
Total with ND280 5,0% 5,4% 5,2% 6,2%

« Largest systematic uncertainty comes from neutrino
inferaction uncertainties
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Neutrino Interactions and OA

Oscillation analysis (OA) requires E ., spectrum (or similar)

reco _ true true true true true reco
N, EV) = ©(E)[o(E)|P(aB, EV)[e(ES™)S(EV, EV?)
N, (Ev®) = Expected number of events £ o r2«preliminary
. g s .
D ( E:’ue) — Neutrino ﬂl,lX % i IND280 fit error
true _ . . S
O (Ev ) — II]'[EI'aCtIOIl Cross sections = 5 Sys’r_emo’ric errorenvelope for the
P(a=p,E)") = Oscillation probability 4 oscllated ke Sk sample
3
e(EV™) = Selection efficiency 2
S(Ey*,EY°) = Smearing matrix . . l
0 0.5 1 1.5 2 2.5

EI’ECO (Gev)

Our largest OA systematic comes from neutrino interaction
uncertainties (4%-6% out of 5%-7%)
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Neutrino Interactions and OA

« Find EJ¢“°using observed u at SK assuming stationary target and

elastic scattering
S
o

2 _ a2 a2
Mmp—Mmp—mg+2mnpEy,

Ereco —
v 2(mp—Ey+py cos(6,,))

Bias due to:

* Fermi motion in the initial nuclear state
 Nucleon-nucleon correlations

« CCnonQE contamination in the selection.

o @
@

u O
@ e
-~ + e o + é
vy n @ o ¢ .+“. ?

0.10

0.08 -
0.06 -
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0.00

Free Fermi Nuclegr
Nucleon Motion correlations

Diagrams by Patrick Stowell
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T2K Work
n Progress
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Neutrino Scattering and OA

—

T2K flux
—— CC Total
— CCQE
--- MEC
~—— CC RES
~—— CC Multi-pi
—— CCDIS

o/E,(10738cm?2GeV 1)

PO A et i e il St e B o L——ﬁ

05 1 1.5 2 25 3

E, (GeV)

Interaction Modes in all CCOn

events at ND280 (NEUT):
RES Other

6.91% 0.38%

°O

2p2h
12.11%

Stephen Dolan

% 1.4 NEUT, v,C(RFG/SP)
] e % T — QE (SF)
—'g T 2p2h (Nieves) -~ Resonant 7 prod.
B DIS - Other
2 ND280 v, shape SK Osc. v, shape
s 1l
E T2K Work
'?g 0.8 In Progress -
@] 06F
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02 ":_-::-""-"-":--.::: -----
NI/ ez

Interaction Modes in selected 1
ring u-like events at SuperK(NEUT):

Other
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T h e F‘ l 'X Near Detectors Beam Dump Decay Volume Target Station )
Primary
P N —. [ ; 7 3 Horns
\_

protons
e = Beaml| ine
g o) = i E— =
N /’
Target
f - pj i
Muon Monitor 4_&3:: SR I
~«— neutrinos

,—.\ T T T T T T T T T T T T T T s T T T T T L [ ]
2. l-_ J"L . On-axis (INGRID) i I-E 0 3—_ —— Hadron Interactions — Material Modeling B
b - o . (ND280 — *“| —— Proton Beam Profile & Off-axis Angle ~~ Proton Number i
~ P \\:\ """’" 2.5 Off'aXIS ( ) = g | — Total Error _|

= N =) —— Horn Current & Field
= - SN T 1 = B . - = Previous T2K Results |
g i h o Peak: 1.1 GeV | E 0 2— —— Horn & Target Alignment -
T | I I 2 “[ [ ] @xE,, Arb. Norm. r---
% L - J_L b
Zoy (S S S R Sl
- \ W} il 0.1_ == S - ---1'"|.-."-r-. ]
| R ] Peak: 0.6 GeV 4 : JE ]

L \& ‘ ﬁ | ——
% 1 2 3 0=
A"

- Off-axis v, beam v (GeV)

. T|gh’rly peaked at 600 MeV 2.5° off-axis towards SK
« Low contamination from non-v, components

* Flux estimation aided by hadron production measurements from

NA61/SHINE at CERN
Phys. Rev. D 87, 012001
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ND280 (off axis near detector)
PeakEV<

Off Axis ~ 0.6 GeV

UA1 Magnet: >ide Muon Range Defector
Provides 0.2 T field. _ UAT Magnet

Electromagnetic
Calorimeter (ECal) P@D ECaly,

"-.

& 44 B4
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Detector: ND280 - FGDI1

Target: Carbon

Signal: CCOn

Status: Phys. Rev. D 93, 112012
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ND280 Off-Axis CCOmr Result

« Results compared to Martini et al. model with(red)/without(black) 2p2h

« Data prefer a 2p2h contribution
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CCOm In STV - Fermi Motion and FSI

* Moving from CCQE-CCOPi+Np, STV still a probe of nuclear effects

. ?<1 0-3 | | 50 510-3. . . . . . . | - 1 0-3I (}‘ Benhla.r, et IaL. Ph‘ys‘ ReT!. D T?. []53(?[]5 (2005)
‘:E} 6 : 3 -g_ ] ; ® _-=——F==:__=-=-=b_‘===_z
a E R [ o L

: 3 5F _
o S ] : ]
af 1 30} Y ]

g B s 3F . E
35 20} . - —— Local Fermi Gas ]
24 1 ol 1 2F —— Global relativistic Fermi Gas ]
18 E : 3 1F —— Benhar Spectral Function
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NuWro, 0.6 GeV v, on C, CCOr, FSI Off
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a 5F 1 Q. ‘ a g5f =

] 40} . ]
ar : : 4F 3

; 30F - ]
3F E s 3F 3
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: 10F ] - E
1E : : ] 1; FSI Off -
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BpT (MeV/e) &bT (degrees) do, (degrees)

NuWro, 0.6 GeV v, on C, CCOrm, LFG

Quasi-real CCOPi selection, keep events within rough ND280 acceptance .
No Pions, 1 Muon, >0 Protons. Pu = 250 MeV, Pp > 450 MeV, COS(QH) > —0.6, COS(Qp) > 0.4
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p.d.f.

p.d.f.

CCOm In STV - 2p2h and M,

M. Martini, M. Ericson, G. Chanfray, and J. Martean, Plvs. Rev. C 80, 065501 (2009) J. Nieves, I. R. Simo, and M. J. V. Vacas, Phys. Rev. C 83, 045501 (2011)
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NuWro, 0.6 GeV v, on C, CCOmr, FSI On, LFG

« STV shape invariant with M,

No ambiguity over M, or nuclear effect contributions (MiniBooNE M, puzzle)
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Reconstructing the Neutrino Direction

Reconstructed Neutrino
Direction =

Mean Neutrino Parent Reconstructed Interaction
Decay Point (PDP) Vertex

I v I
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CCOmr water cross section

« |solate CCOm events starting in the P@D,

but use TPC for fracking

« Separate data taking periods into when

P@D water target is full/empty

« Subtract to get water cross section
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P@D Tracker
| 1

> i
>

% |

> -

Construct CCOr flux infegrated
double-differential cross section
in p,,cos(6,)

« Compare MC predictions

Compare to FGD1 CCOm on
Carbon result

Similar studies underway using
FGD2 water layers to extract
Oxygen:Carbon cross section
ratio
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CCOmr and inferred kinematic imbalance

0.8<cos 6, <1.0,p >750MeV

*  Measure inferred kinematics in & b -
1 g - xsec
bins of p,, cos(6,) S e
I = e
* Restrict proton phase-space: - L . Faadu run
(€] C
p, > 450 MeV /c, cos(6,) > 0.4 T .
- Fake data: GENIE* S ool
. . ol ¢ T2K Work In Progress
«  Nominal MC: NEUT S S SRR
Ap, (GeV/c)
0.8 <cos 6, <1.0,p >750MeV

0.8<cos 6,<1.0,p >750MeV
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* GENIE fake data contains 5.73 x 1020 POT ~T2K runs 2-4 ¢

Stephen Dolan Nulnt 2017, Toronto, Canada

o
N;

(=]
=
'_D-
(-1

[ :
1.2 1.4‘ 1.6 1.8 2

|App| (GeV/c)

54




