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Fitted Neutrino Interaction Model Parameters

Parameter Prior Value Fitted Value
QE

MA (GeV) 1.21 £+ 0.45 1.19+0.19
M ARES (GeV) 1.162 + 0.110 1.137 £ 0.095
CCQE Norm. < 1.5 GeV 1.0+0.11 0.941 + 0.087
CCQE Norm. 1.5-3.5 GeV 1.0+ 0.30 0.92 +0.23
CCQE Norm. > 3.5 GeV 1.0+ 0.30 1.18 £ 0.25
CClmt Norm. < 2.5 GeV 1.63+0.43 1.67 £0.28
CC1lmt Norm. > 2.5 GeV 1.0+ 0.40 1.10 £ 0.30
NC1m° Norm. 1.19 +0.43 1.22 + 0.40
Spectral Function O (off) £ 1 (on) 004 £0.21
P, (MeV/c) 217 + 30 224 + 24
CC Other Shape (GeV) 0.0+04 -0.05 + 0.35

28



model parameters Before FIT After FIT
CCQE Ma [GeV] 1.21£0.45 1.19%+0.19
CCln(resonance) Ma [GeV] 1.16x0.11 1.14%0.10
Fl\e/[ren‘;i] momentum surface Pr 217430 224.6423.5
Spectral Function O[off] - 1[on] 0.04=%0.21
-0.05%0.35

CC-other cross section shape

0.0x04

CCQE E-dependence

1.0£0.11, 1.0£0.11,

0.94%+0.09, 0.92£0.23,1.18%0.25

1.0+0.11

CCln(resonance) E-dep. 1.63%+0.43,1.0£04 1.67%0.28,1.10%0.30
NC-n® cross sections 1.194+0.43 1.224+0.40
CC-coherent & cross section 1-1 from other experiments
NC-coherent 7 cross section 1.0£0.3 from other experiments

NC other cross section 1.0£0.3 from other experiments
g/[sel‘l?]pe in resonance model 87.7%£45.3 from other experiments
ni-less A decay 0.0x0.2 from other experiments
CC-1n,rNC-1na° energy shape 0.0%0.5 from other experiments 29




Parameter F.,, Range Nominal Error | CCQE CCnQE Total | Class/Cat.
MIE all 1.21 GeV /2 045 | 15.5%  5.2%  10.5% B,1
CCQE E1 0=< E, <15 1.0 0.11 6.7% 1.5% 4.2% ANl
CCQE E2 1.5 < F, < 3.5 1.0 0.30 6.7% 1.5% 4.2% AS3
CCQE E3 E, =35 1.0 0.30 6. 7% 1.5% 4.2% A3
pr 2C all 217 MeV /e 30 1.6% 0.2% 0.8% B/
SF 2C all 0 {off) 1 {on) 0. 9% 0.8% 0.6% B,/2
MAHES all 1.16 GeV /c* 0.11 3.7% 6.0% 1.8% B/1
CClw E1 0< E, <25 1.63 0.43 3. 7% 6.0% 4.8% AN
NC1x® all 1.19 0.43 3.7% 6.0% 4.8% A/l
CClw E2 E, =25 1.0 0.40 1.9% 4.8% 3.2% A3
CC Coherent all 1.0 1.0 1.7% 3.9% 2.T% C/3
CC Oth shp all 0.0 0.40 0. 7% 3.5% 2.0% B/3
NC Other all 1.0 0.30 0.5% 1.6% 1.0% C/3
W Shape all B7.7 MeV /2 45.3 0.6% 2.2% 0.9% C/3
FSI all Section 7.2 0.5% 0.7% 0. 2% C/3
Total 7.0% 10.1%  12.8%
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POD ve

Systematic Uncertainty Signal (%) Background (%)

EM Scale 7 16

Fiducial Volume 2 2
Muon Rejection 0 4
MC Statistics 3 4
Mass Uncertainty 1 1
Proton Reconstruction 3 0
Final State Interactions 1 12
Flux & Cross-section Parameters 9 5

Total 12 22




POD NCr0

Source Error | Contribution to Ratio (%)
Mass Uncertainty 0.8% 0.8%

Detector Alignment 2.5 mm < 0.1%

Fiducial Volume 7% 7%

Relative Flux Uncertainty 15% 15(6.5)%
Reconstruction Uncertainties | 4.7% 47%

Energy Resolution 10% /0.5%

Shape Uncertainty 13.7% / 13.7%

Total — / 9 217} 7%

FluxZCCinclusive Tnhormalize
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Table 17: Summary of the systematic errors.

FTEEATE

1%

The error on the number of target |

{ 0.67 %) have been

added in quadrature to the total systematic error. ¢, det.,, FST label the systematic uncertainty of the
beam flux, detector response and F2I changed systematically following the covariance matrix showed in
Fig. 9,11,10,12, %= design the influence of the change of all the cross-section modeling parameter and
channel rate.

P, (GeV/e)  cos#, | algo. (%) ¢ (%) x-8(%) det. (%) FSI(%) | syst (%) | stat (%) || tot (%)
[0.0,0.4] [—1,0] 0.03 1192 1545 207 0.96 10.78 7.96 10.08
) [0,0.84] 0.10 12.82 544 3.70 1.23 14.49 5.03 15.34
highest [0.84,0.9] 0.06 1317 1025 2.67 1.35 16.98 9.37 19.39
contribution [0.9,0.94] 0.06 1395 1002 4.73 3.32 18.14 11.82 21.65
[0.94, 1] 0.24 14.00 _ 11.09 4.49 2.57 18.61 13.78 23.16
[0.4,0.5] [-1,0] 0.08 1205 48.06 2.70 0.47 49.64 3.52 49.77
[0,0.84] 0.13 11.30 568 1.31 0.34 12.83 427 13.52
[0.84, 0.9] 0.18 1141 4.96 0.94 0.38 12.51 8.55 15.15
[0.9,0.94] 0.90 11.71 490 1.19 0.44 12.82 9.97 16.24
[0.94, 1] 0.34 1312 6.25 2.06 0.83 14.73 11.42 18.64
[0.5,0.7] [—1,0] 715 1122 4737 1.97 0.63 4995 30.30 57.83
[0,0.84] 0.10 1112 3.76 1.10 0.37 11.83 3.96 12.44
[0.84, 0.9] 0.10 10.87  3.25 0.79 0.20 11.41 6.18 12.08
[0.9,0.94] 0.55 11.06 562 0.76 0.32 12.48 7.18 14.39
[0.94, 1] 0.22 11.71 915 0.98 0.24 14.92 T.67 16.77
[0.7,0.9] [1,0] 3.18 1348 101.82 | 1.50 0.48 102.77 | 2880 || 106.75
[0,0.84] 0.19 11.35  2.03 1.14 0.41 11.81 5.23 12.92
[0.84, 0.9] 0.23 1003 584 0.82 0.19 12.45 6.85 1421
[0.9,0.94] 0.04 10.75  10.59 0.95 0.40 15.15 7.57 16.94
[0.94, 1] 0.03 11.01 1559 0.79 0.30 10.13 6.90 20.34
[0.9,30.0] [1,0] - - - - - - - -
[0,0.84] 0.20 11.83 407 1.46 0.69 12.97 5.88 14.24
[0.84, 0.9] 0.07 1130 2.3 0.80 0.26 11.60 6.05 13.00
[0.9,0.94] 0.05 11.09 208 0.72 0.36 11.34 5.33 12.53
[0.94, 1] 0.09 1090  2.25 0.75 0.26 11.19 2.97 11.58

highest contribution




Tracker ve

Syst. source A(f(ve)) |
Detector systematic errors 0.061
Flux and cross-section 0.088
Total 0.107

¢ Det. DAL ILXTPCAOPID
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The predicted number of events

and systematic uncertainties

The predicted # of events w/ 3.01 x 1020 p.o.t. the predicted # of event

Event category sin®26;3 = 0.0 sin® 26,3 = 0.1 distribution
Total 3.2240.43 10.7141.10  F 4000 4 | ;,ﬂmm'_f
= r w' ND2E0 fit
v, signal 0.18 7.79 £ 30000 . 3
ve background 1.67 1.56 £ - s 2,,=0 .
v, background (mainly NCro) 1.21 1.21 20008 Ry E
U, + 7V, background 0.16 0.16 1000F ;:m . 3
- - - {]:' e
Systematic uncertainties 5 2000E D woNDz E
= - w' NDZE0fir A
Error source sin? 20,3 =0 sin®26,5 = 0.1 E 1500 ]
Beam flux+v int. 2 ;
v int. (from other exp.) 5.9 % 75 % 500- |
Final state interaction 3.1 % 2.4 % 0 | Dro . 1
0 10 20
E;}Etef.}tﬂl‘ 1;; ? 13; ? Expected # of signal+background events
470 D /0 L. -
(T2K 2011 results: 939 ~18%) Uncertainties are reduced

after the flux & v int. xsec fit
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