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Oscillation physics and interaction model

P(v,—=v, )=1- sin” 20, sin

2( 1.27 AmgzL)

Oscillation probability depends on neutrino energy
For T2K’s neutrino spectrum, dominant process is Charged Current Quasi-Elastic:

CCQE Infer neutrino properties from the lepton momentum and
angle: 5 /2 9 /
RQF _ my, —m', —mg, +2m'y L),
14

2(m'y, — E,, + p, cosl,)

2 body kinematics and assumes the target nucleon is at rest

CCrr
Nem Additional significant processes:

= CCQE-like multinucleon
interaction

» Charged current single pion
production (CCrr)

= Neutral current single pion
production (NCrr)

-
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Use of near detectors on T2K

Expected number of events at the far detector is tuned based on near
detector information. Near detector also provides a substantial constraint on

the uncertainties of v, and v, events:
FD(ve) =@ xoxex Py, — ve)
ND(VM) = P X og|X END

10

Uncertainties (2014 “ oI .
disapv.avo R Before ND280 Constraint
v flux+xsec (21.7%) (26.0%) <

(before) after +2.7% +3.2% E sl

ND constraint S I

v unconstrained xsec  +5.0% t4.7% - Ar

Far detector +4.0% +2.7% :CE o

Total (23.5%) (26.8%) :

+7.7% +6.8% TR )

. Reconstructed v Energy (GeV)
fifier TID: expedt 2700 Ve candidates After ND: expect 124.98 v, events
(background only: 4.97) (no oscillation: 445.98)
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Use of near detectors on T2K

Expected number of events at the far detector is tuned based on near

detector information. Near detector also provides a substantial constraint on

the uncertainties of v, and v, events:

FD(ve) =@ xoxex Py, — ve)

AN I\ ): N,

et

Cross section model parameterized with a combination

of empirical and fundamental parameters
v flux+xsec
(before) aft o _
ND constrail  Uncertainties and correlations on those parameters
Vv UNConstrs determined from 1) fits to external data and 2)

comparisons between appropriate alternate models to
those implemented in NEUT

Far detecto
Total

traint

ANt

After ND: expect 21.06 v, candidates
(background only: 4.97)

P==

After ND: expect 124.98 v, events
(no oscillation: 445.98)
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Why are external data fits important? s

Flux at near detector and far detector are not the same, so
validation of models requires multiple beam energies

Use of external data in cross section parameterization and error
assignment as well as near detector

Acceptance: ND sample is forward going

02F
5 — SKCCQE (sin20,=0.1) 1 (small angle, low Q?)

0155 ND280 CCQE = External data covers larger Q?
e MiniBooNE CCQE (MiniBooNE, 41T Cherenkov detector)

Model validation: No consistent model
holds for all neutrino energies — multiple
data sets needed

Target: ND selection is C, SKis O

o o5 T 15 ® C-O model dependent uncertainties
Q@ (GeV*/c?) included, but new water-enhanced sample
to be included

-
—

Fraction/[0.06 GeV?/ 02]

0.05
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ICHIGAN STATE

Why does the cross section model matter?ivice

Cross section model couples through the different fluxes measured by ND and FD
3 Multinucleon Feed-down on Oscillated Flux

10° Multinucleon Feed-down, ND280 Flux > 1 40:(19 ‘ -
> v T Q -
w1000 1 ¢ I
p ' ND280 Flux 5120 SK Oscillated Flux
=80 | L rEoE 5 100 Ev—=Erec Smearing
600 80 <EV:OB G@V)
4001 | ) 60
[ | 401
200 |
. | ] 20 ‘:rl‘
% 0.5 1 L5 2 0y =" = s >
E, (GeV)
E, (GeV)
FD(v,) =® xoxex Py, — ve) )

122 /
EQE _ my, —mo, —my +2m, b,
S —

ND(VM): P X o|X enp 2(m'y, — E,, + p, cosb,)
Overall increase to cross section cancels in extrapolation, but any shifts between true
to reconstructed E feed down into oscillation dip and are ~degenerate with 0,4
measurement
= Similar issue for CC11r+ backgrounds where pion is not tagged (absorbed in

ggcleus or detector)

=
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ICHIGAN STATE

Why does the cross section model matter?ivice

Cross section model couples through the different fluxes measured by ND and FD
3 Multinucleon Feed-down on Oscillated Flux

10° Multinucleon Feed-down, ND280 Flux > 1 40le -
> r v r u L 4
v 1000'? J"_LL ND280 Flux 1 % 120 P‘I SK Oscillated Flux
= 800! ) I0
600/ This effect still occurs even if the near and far
400| detectors are the same technology (convolution with |
ool | oscillation probability) .
%~ Interpreting hadronic state also goes through a model 2
| (GeV)
E'D(vd Include in analysis additional uncertainties on how B
ND (v model choice may affect extrapolation 0)
Overall inc1 en true

to reconstructed E feed down into oscillation dip and are ~degenerate with 0,4

measurement

= Similar issue for CC11m+ backgrounds where pion is not tagged (absorbed in
ggcleus or detector)
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Multinucleon model example

Nuclear effects such as “multinucleon” processes may explain the enhanced
CCQE cross section observed by MiniBooNE, SciBooNE, T2K experiments
» CCQE interaction simulated as interaction on a single nucleon (1p1h)

= Two models:
= J. Nieves, I. Ruiz Simo, and M. J. Vicente Vacas, PRC 83 045501 (2011)

: M Martini, M. Ericson, G. Chanfray, and J. Marteau, PRC 80 065501 (2009)

Genuine CCQE \

| @

/Two particles-two holes (2p-2h)\

: NN ///
e ¢ P | EQE (GeV)

— CCQE
Nieves multinucleon (X5)

pionless A-decay (X5)

Arbitrary Units

1
[E—

V reco true
N N
\W- absorbed by a pair of nucleons/ T2K collab PRL 112, 181801 (2014)
- Picture by M. Martini —
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Multinucleon effect on T2K analysis

eeopPr—m——rm——— ¥V - 7T 7T . T

[ 800—
1000-J. Nieves, |. Ruiz - M. Martini, M. Ericson,
so0-Simo, and M. J. G. Chanfray, and
soof-Vicente Vacas, J. Marteau, PRC 80
" PRC 83 045501 065501 (2009)

600}

— 400/

400 -
- (2011) 200/~

200

- T l L o - [ - - | |
0 01 -0.05 0 0.05 0 ° 0.1 -0.05 0 0.05 01

. . . D Cain?
SiN“0,zc - SIN°0 Sin°0, e - Sin°0

Nominal Nominal

Tested possible bias on 2013/2014 T2K neutrino disappearance measurement

» Generate fake data under flux, detector, cross section variations, and perform full
oscillation analysis including ND constraint

= For each fake data set, compare fitted 0,5 with and without a 2p2h model present

Nieves et al model: 0.3% mean, 3.2% RMS
“increased Nieves” = Martini model: -2.9% mean, 3.2% RMS

Significant contribution to current systematic uncertainty on disappearance analysis
(vs. 5.0% non-cancelling cross section uncertainty, 7.7% total ) in extrapolation

P== =g
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Why acceptance, models matter

Need to consider how phase space (both acceptance and flux differences at
near and far detector) may affect alternate models not used in the analysis

» Ratio of the CCQE cross-section result from the one-track sample to that
from the two-track (from 1503.07452, accepted by PRD) using on-axis
near detector (INGRID)

Nuclear model in MC Ratio of cross-section results
Relativistic Fermi gas model — 1.45 4 0.09(stat.) 59 (syst.)
Spectral function 1.25 + 0.08(stat.) Ty 3e (syst.)

» Different QE models have different outgoing proton kinematics, can
directly affect selection

= Determination of ‘true QE’ can be different based on the model you
choose

P==
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Models in NEUT, 2012-2014

T L L L e 8
10 — Tota xcrEsw 110 o NEUT model (5.1.4.2):
- — CCQE NC Other - i <+ CCQE : Relativistic * Global * Fermi Gas
—~ 12k —CCRESmha’  [[]SKv,(MNoOse)2 107 o model. Axial vector mass = 1.2GeV/c.
= F — - CC Coh., multi-m, DIS - .+ No “Multinucleon” CCQE-like interaction
g ~410¢ ©« 11 (NC and CC) production model:
2 10 7 o m=m———— A : . :
S F = = &, Rein-Sehgal, Simple pion-less delta
2o U S e - 0> - decay. MARES, NCm0 and CCr+
Ea ] 1 “g normalizations tuned based on fits to
. 1 = external 11 samples.
| 10 X
10" | 10 2
] | I

)
—_—
(\®)
(V)
N
Ny

E, (GeV)

Alternate models
« GENIE: CCQE : RFG model like NEUT. Axial vector mass = 0.99GeV/c
* NuWro: CCQE : Spectral function model ( Benhar et al. )

» Used to develop alternate model (‘spectral function’) parameter

P== =g
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2012-2014 QE parameterization

MAQE (GeV)

Axial mass (QE)

Details of NEUT model, parameterization,

QE1 O<E, <1.5 GeV

Normalization

QE fits to be found here for appearance

QE2 1.5<E,<3.5 GeV | Normalization

analysis:

QE3 E,>3.5 GeV

Normalization

« Phys. Rev. D 88, 032002 (2013)
 http://arxiv.org/abs/1304.0841

pF (MeV/c)

Fermi momentum

Spectral Function

Model comparison For disappearance analysis, added binding

CC nue/numu

Normalization

energy parameter in RFG model

Phys. Rev. Lett. 111, 211803 (2013)

Parameter Input Value Uncertainty
MS* (GeV) 1.21 0.43
z9F 1.00 0.11 Resonance mode! parameter (pionless
2P 1.00 0.30 delta decay) also important for QE
2QF 1.00 0.30 « Similar to effect of multinucleon
3 : : _
Top 0.0 1.0 model; De_lta resonance does not
pr(12C) (MeV /c) 217 30 produce pion c_)ut of ngcleus
pr(*%0) (MeV/c) 295 30 * 100% uncertainty assigned |
STl , » FSI effects also can absorb pions,
Lve /vy 1.0 0.03 treated separately
- E—(Ce¥)
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2012-2014: Attempt to fit MiniBooNE Q2_QE and muon kinematic distributions
= Poor fits, despite a wide range of parameters attempted

~ 0——F——————— Used difference between best fit
5 18 and NEUT nominal as error on MAQE
%o 16?—
;i 14§— Added normalizations to recover
T 12f disagreements vs. energy (e.g
R NOMAD)
8|
6 — Best fit Added nuclear uncertainties:
af —— MB CCQE data * Difference in shape to alternate
of (Shape-only error) : nuclear model (xSF) model in
- ! ! ' S U S, NuWro
QO ] ] e |Increased errors on RFG model
= Hu, _
3 ! e Fermi momentum (pF) and
R L binding energy (EB) to
0406 08 1 12 14 16 185 2  accommodate low Q2
ESE (GeV) disagreement
P ——
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2012 near detector fit results MICHIGAN STATE

—— Dat
- "3 CCQE: 0.94<c0s8, <1.00 CCnQE: 0.94<cos8, <1.00 Data
- ) : 0.94<coso, <I. Ln - 0.94<cost, <1, .
Pre-fit Prediction 60F . | h without ND
40 information
Post-fit Prediction | 2() :— = Wlth ND
S T T T " information
= 40 CCQE: 0.90<c0s6,<0.94 CCnQE: 0.90<c0s8,<0.94
(D] - _
E L |
= S T e T T i o :
% 60 E— CCQE: 0.84<c0s8,<0.90 CCnQE: 0.84<c0s6,<0.90 _f
4 40 —
84 - .
20 = E
300 CCQE: -1.00<c0s0,<0.84 3 CCnQE: -1.00<c0s0,<0.84 -
200 E3 E
100 g :
%1000 2000 1000 2000
P, (MeV/c) P, (MeV/c)

Near detector adjusts flux and cross section parameterization, agreement across
CCQE-like, and CCnon-QE-like subsamples

P== =g
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2012 near detector cross section tuning

M%" (GeV) 1214045 1.3340.20
ME> (GeV) 1.164+0.11 1.1540.10

2P 1.004+0.11 0.96 % 0.09
LT 1.63+0.43 1.61+0.29
g NO1m’ 1.1940.43 1.19 # 0.40

MAQE is increased and correlated to flux parameters for proper rate constraint at
far detector

Uncorrelated cross section error (~5% in disappearance, appearance analyses):

» Alternate model (spectral function) treated separately for near and far
detectors as different target materials. Affects relationship between lepton
kinematics and true neutrino energy even for same target material.

» Pionless delta decay (effect similar to earlier multinucleon studies)

P== =g
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NEUT Model, parameterization, 2015 onwargcucax sue

NEUT model (5.3.2+) for 2015 (antineutrino, neutrino+antineutrino)
analyses:

« CCQE : Spectral function model ( Benhar et al. ) Axial vector mass =
1.2GeV/c2.
« RFG+RPA (Nieves et. al) Axial vector mass = 1.2GeV/c2.
« “Meson exchange current” (MEC, 2p2h) CCQE like scattering ( Nieves et
al.)
11 (NC and CC) production model: Rein-Sehgal with modified form factor
for Delta. No pion-less delta decay.

Parameterization:

- MAQE

« pF, EB (target material dependent)

« Removed PDD, added a 2p2h normalization (target material dependent)

Reference (antineutrino disappearance paper)
 http://arxiv.org/abs/1512.02495

-= £5(CeY)
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Fits to MiniBooNE, MINERVA external data Yciesm:

Fit external data (MiniBooNE, MINERVA) to suite of available models:

« Neutrino and antineutrino datasets fit to determine choice of default model (RFG
+RPA, non relativistic vs. relativistic vs. SF) and uncertainties on MAQE, 2p2h
normalization, and pF

« Following plots/tables are T2K preliminary

Hope was that Nieves et al model would resolve high MAQE for MiniBooNE. Instead:

* Forward scattering region for MiniBooNE neutrino model doesn't fit well

« Low Q2 MINERVA nu/nubar disfavors Nieves RPA, suppresses 2p2h

« MINERVA data are 20% lower than MiniBooNE

« For now: uncertainties inflated to cover disagreement between datasets

* Next: improve inputs: covariance from MiniBooNE, revisit model parameterization
« Lack of correlations affects uncertainties, may affect central conclusions of fit
« NEUT 1p1h Global RFG is subtly different from Nieves 1p1h Local RFG
« Still studying SF fit results and possible effect on analysis

Fit type x?/Npor Ma (GeV/c?) 2p2h norm. (%) pr (MeV/c) AP B
RFG+rel. RPA+2p2h 97.8/228  1.1540.03 27£12 223+5  0.79+0.03 0.7840.03
RFG+non-rel. RPA+2p2h (117.9/228  1.07+0.03 34412 225+5  0.80%0.04 0.75%0.03
SF+4-2p2h 97.5/228  1.33%+0.02 0 (at limit) 234+4  0.8140.02 0.86+0.02
P ==
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MINERVA data comparisons

OF &
> 16 RFG+RPA+MEC > 14 RFG+RPA+MEC
S 14 MINERVA [~ ,2-26.8(97.8) 3 1254 MINERVA — x2=14.5(97.8)
@) . < . .
NE 12 neutrino _ SF+MEC NE 1of antineutrino _ SF+MEC
310 data 2 = 20.6 (97.5) S 8 data ¥2 = 13.8 (97.5)
(@] 8 [\l
g . —|— DATA Q6 —I— DATA
b S~
S 4 S 4

2 2

020406 08 1 12 14 76 18 2 T02 04 06 08 1 12 14 16 1.8 2
Qe (GeVD) Q, (GeV?)

)

)

Best fit from SF+2p2h model compared to RFG+RPA+2p2h for MINERVA

P== =g
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MiniBooNE neutrino data comparisons

rrrprrrrr ] L L B B
-1. <cos6, <0.0 3

SF+2p2h 0.3 <cosh, < OI6

T x2=37.1(97.5)

—_
(@)
T T

PR

0.0 <cosb, <0.3

___ RFG+RPA+2p2h
x> =37.9 (97.8)

—|— DATA 1 .
(0 ! ! ! ! ! Lo 0. L L

0O 02 04 06 08 1 0 02 04 06 08 1 0 02 04 06 038
Tty prrre TS

0.8<cosb, <0.9 - 25:' 0.9 <cosf, <1.0 ;

—

20 0.6 <cos6, <0.7

(x 10" cm?GeV)

0.7 <cosb, <0.8 25

] 29

1 19

2
dT, dcos6,

1 10

1.5 2 0 0.5 1 1.5 2
T, (GeV)

Best fit from SF+2p2h model compared to RFG+RPA+2p2h. Solid line is with
‘ngrmalization (floated) for MiniBooNE fits

-
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MiniBooNE antineutrino data comparisons e

022 T TTTITTTTTTT 7 -

SF+2p2h 0ol -1. <cos6, <0.0 0.0<cosf, <0.3 § 14{0.3<cosb, <0.6 ]

x> =27.5 (97.5) 0.18f 0.6 ] ]

o~ 0.16§ 05 i j
8 RFG+RPA+2p2h 0.12f 0.4 1o _
a4 y>=25.2(97.8) 0% 0. 1o ]
E 0.084 ; ]

o 0.06} 0.2 7o .

o o.o 01 i, _:
™ DATA 0.024 1 ' 1 ]
o .:pL PPN EPEPE B B o) P EPEPEP EPEPEPE B i
™ 0O 02 04 06 08 1 0O 02 04 06 08 1 0O 02 04 06 08 1
[Tl 1 10T AR BLALELEL BN BRI

~>-<¢ [ 0.7 <c0s6, <0.8 7 [ 0.8<c0sf,<0.9 ] 14 0.9<cosB, <1.0 1

W

P!

] 10f

2
dT dcos6,

—

1.5 2 0 0.5 1 1.5 2 0
T,,l (GeV)
Best fit from SF+2p2h model compared to RFG+RPA+2p2h. Solid line is with

Qormalization (floated) for MiniBooNE fits —.
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Use of near detectors on T2K

Expected number of events at the far detector is tuned using a likelihood fit to
the near detector samples

. Used near detector neutrino and antineutrino samples (see backup)

. Largest non cancelling systematic uncertainty is multinucleon (2p2h)
contribution

w/o ND w/ ND
measurement | measurement

v flux and flux 7.1% 3.5%
cross section

cross section cmn to ND280 5.8% 14 %
(flux) x 9.2% 3.4 %
(cross section cmn to ND280)
cross section (SK only, include ) 10.0 %
multi-nucleon effect on oxygen 9.5%
total 13.0% 10.1%
Final or Secondary Hadronic Interaction 2.1%
Super-K detector 3.8%
total 14.4% 11.6%

Fractional error on number-of-event prediction

Antineutrino oscillation analysis statistics limited on T2K....
<C== ==
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Near detector fit results

T T T
PRELIMINARY

O, )

O XX
RRRHASS
R
RS
0 6%% %%

Parameter Value

0.5F E
0F E
0.5F g
- - Prior to ND280 Constraint
-1 - After ND280 Constraint -
_1 5: T I S N AN N N O N
D ~ o) 3 O = =
P PPL O L BIELPOE 2
N o @ )’ © > S 2 = 85
SELSESO TG T8 5828
(@ — D)

8 8 I g %) %) 8 “

o S ,a O O U Z

K. Ma@ DUNE @P\/\g 8
e

Near detector data
prefers more 2p2h
contribution than
seen in external
data fits

* [ndicates model
(and
uncertainties)
need additional
work still
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Thoughts for DUNE

The cross section model is an important input to the T2K oscillation
analysis. Uncertainties driven by:

« Disagreements between external data sets and ND data for
different beamlines

* Theoretical knowledge— what is the correct theoretical approach,
given the experimental disagreements?

Comparisons to non-default models valuable
= Tested effect on oscillation analyses through fake data studies

= |dentified where more effort was needed (vs. what's already
covered with existing uncertainties, which may be repurposed or
adjusted accordingly)

P== =g
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Summary

Enormous amount of new information over last ~5-10 years on QE
« T2K OA considered MINERVA, MiniBooNE, NOMAD, T2K ND data

- Indications QE is not well represented (see ArgoNEUT “hammer” events)

 Significant theoretical developments as well now included into
generators

But, challenging to find ‘one model to fit them all’

 Likely additional theoretical uncertainties needed, more experimental
work to be done to resolve the current picture

Even if we don’t adopt all the current puzzles as a baseline set of
systematic uncertainty for QE, important to test effect for oscillation
analysis

= Can guide how ND data, external data programs, theoretical work
should proceed

P== =g
12/9/15 K. Mahn DUNE NDPWG 24




Backup slides

P== =g
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Select CC v, v, candidates prior to oscillations
in an off-axis tracking detector (ND280)
Neutrino interacts on scintillator or water target in

50D NP tracking detectors (FGDs), muon tracked through
ECAL Deloctors scintillator and TPCs

)
N ‘ Additional scintillator (POD, SMRD) and
calorimeters (ECAL)
Muon momentum, sign from curvature in magnetic
field

Run rumber - 10335 | SubRun number 4 | Event numbes - 44776 | Sl - 11501 | Timna < Thu2014.060505:14:12 JST | Par$san - 63 [Trigges: Besan Sl

TPC TPC - ECAL

UA1 Magnet Yoke

Downstream

FGD

Ve
Muon-like track

12/9/15 Example: neutrino candidate in antineutrino mode




ND280 data samples: neutrino mode v

A e | e | I g EI T 1T I TTr 1T I TTTT I TTrr1rTr I LU I LU I LU l LU ] TTT g 250 il T I TT1rrr I LI I LU | TTr 1T | LI I TTrrrT I UL I TT1T _+_ Data
§ 2500 — C 400E PRELIMINARY C n + PRELIMINARY
5 | e CCOm g *F ccim g w4 CCOther []vcc2p2n
p= . = 300F = F ++
82000_— g »s0E- Z 1501 []vccRes
— - 2 ok = v cccon 1
Y B m < o
g 1500 — 150 - [V cc other
g - 100 50 . v NC modes
" 1000 %0 Bl modes

_ 500 1000 1500 2000 2500 3000 3500 4000 4 00 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

B Muon momentum (M Muon momentum (MCV/C)

500 =

neutrino selection, neutrino

V modes ‘
mode samples

00 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Muon momentum (MeV/c)

Select CC v, candidates based on interactions with p-:

= Select highest momentum track with negative charge, and PID consistent with
a muon

Event samples provide information on flux, cross section model

» Separated based on presence of charged pion in final state (CCOtr, CC1r,
CC Other)

* Pions identified using track multiplicity, dE/dX in TPCs photons in ECALs

P== =g
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Events/(100 MeV/c)

ND280 data samples: antineutrino mod& =

Select CC v, candidates based on interactions with p+:

=  Select highest momentum track with positive charge, and PID consistent
with a muon

= Two sub-samples based on track multiplicity: CC1-Track, CC>1 Track
Complementary selection of neutrino candidates in antineutrino mode

Include in fit:
neutrino mode neutrino selections
antineutrino mode neutrino and antineutrino selections

Entries 20245 | Entries 437 Entries 13854 | Entries 291
JOET T T T "7 'Mean ! T 7922 | Mean 810 T 40 Mean 1630 | Mean 1631
: RMS 488.5 [ RMS 491.3 ?o - RMS 1189 | RMS 1211
601 Integral 346.3 | Integral 389 g 35— Integral 27(3.3_ Integral 260
C — & - . . - Data
ooF CC1Track: |: 2 4 CC inclusive: =
— . . & - . RES
- antineutrino & neutrino e
C . 25 . e
40 selection, |, g selection, i,
o antineutrino |’ 20— antineutrino
__ | no truth
- 15— mode ‘
20— — !
- = 10f
10F- - +
b M —— S L Sy "‘uﬁ
00 1500 2000 250 500 1000 1500 2000 2500 3000 3500 4000 4500 5000

Muon momentum (MeV/c)
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A B vc. Prior to ND250 Constrant detector is tuned using a likelihood fit to
52000:— B v, Atter ND280 Constraint the near detector samples
S 15005 | I PRELIMINARY - " N_eutrino, antineutrino fluxes are
g : CCoTr: ] highly correlated between near and
1000:—i : neutrino selection, E far detectors
ol ! neutrino mode 3 = Cross sections are also correlated
» 1 = Significant reduction to overall
Qo L I e eteutettnntntnnt uncertainties
g SRR AR R +—Data g E""""""' +Data
% S00F - MC, Prior to ND280 Constraint E 705_ B wc, rior to ND280 Constraint
é 4()0?— - MC, After ND280 Constrai_nt % :2%: - MC, After ND280 Constraint
E : PRELIMINARY - Z 405_ PRELIMINARY
S 300 — o =
[L; : CCA1Tr: ] 8L E ' CCA1Track:
200 neutrino selection, - 7O§_ antineutrino selection,
:J neutrino mode . TE ‘ ®  antineutrino mode
100 - 10F
E ] . A S w -
oL 0 500 1000 1500 2000 2500 3000 3500
0 500 1000 1500 2000 2500 3000 3500 4000 4500 5000 Muon momentum (MeV/c)
Muon momentum (MeV/c) -
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Cross section tuning from near detectofefiters

MSF (GeV/c?)
pr 12C (MeV /c)
MEC 2C

Ep 2C (MeV)
pr °0 (MeV/c)
MEC 0O

Ep %0 (MeV)
C A5RES

MEES (GeV /c?)
Isospin:% Background
Ve/Vy,

CC Other Shape
CC Coh 2C

CC Coh *O

NC Coh

NC Other

1219110

1.15 £ 0.069607
223.0 £ 12.301
27.0 £ 29.053
25.0 £ 9.0
225.0 £ 12.301
27.0 £ 104.13
27.0 £ 9.0
1.01 = 0.12
0.95 £ 0.15
1.3 £ 0.2
1.0 £ 0.02
0.0+ 0.4
1.0 £ 1.0
1.0 £ 1.0
1.0 £ 0.3

1.0 &= 0.3
K. Ma

1.1371 £ 0.033559
222.67 £ 8.8333
103.11 4 17.245
23.903 £ 7.3458
224.43 £+ 12.152
103.1 + 101.49
27.045 £ 8.8047

0.86234 £ 0.074094

0.72437 £+ 0.052156
1.4853 + 0.19014

1.0008 £ 0.019997

0.023024 + 0.1928

0.021658 £ 0.16037
1.0764 £+ 0.97171
0.98 £ 0.29922
1.4128 £ 0.1858

nn DUNE NDPWG
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