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Plan of next flux uncertainty
• Hope to release next version (11av2.2) of flux uncertainty by next 

collabo. meeting.

• Establish the flux covariance matrix for 2011a analysis.

• At least fix the format. Want to update each flux uncertainties 
when ready

• Include finely binned covariance that can be used for binning studies

• Include missing νe-bar uncertainties at 11av2.1

• Show the status of some ongoing works for update of flux uncertainty

• Proton beam flux uncertainty by using RunII data and same method 
as for 2010a analysis

• Off-axis angle uncertainty by using RunII data & the same method as 
for 2010a analysis

• Horn field flux uncertainty

• Other studies also going on (Horn angular alignment, Off-axis angle 
from MUMON)
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Proton beam flux uncertainty
• 2010a analysis flux uncertainty estimated by 100 proton beam throws

- Make 100 proton beam throws which 
change beam center/angle in Y by RunI 
proton beam average/uncertainty 

- Re-weight flux generated w/ wide 
proton beam by 100 throws and calc. 
covariance/error

• Found 100 throws are not enough, 
increase # of throws (100 → 1000)

• Also flux uncertainty by using RunII 
proton beam uncertainty

• Check consistency b/w 10a method and 
JReWeight method (11av2.1)
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Figure 18. Neutrino flux at Super-K for Run I+II period.

Table 5. Uncertainty of the primary beam optics parameter determination for Run I
and Run II periods. All values are at upstream baffle.

Run I Run II

width in X (mm) 0.11 0.26

width in Y (mm) 0.97 0.82

Twiss α in X 0.32 0.26

Twiss α in Y 1.68 0.49

position in X(mm) (x) 0.38 0.27

position in Y(mm) (y) 0.58 0.62

angle in X (mrad) (x′) 0.056 0.064

angle in Y (mrad) (y′) 0.286 0.320

cov(x, x′) 0.011 0.013

cov(y, y′) 0.065 0.079

parameters are the beam center position and angle in the y(vertical) direction[2]. The

error on the beam center position in the y direction is slightly larger: 0.58 in Run I and

0.62 in Run II. Therefore, we scale up the uncertainty from the primary beam optics by

throw#i :(2mm, 0.5mrad)

Re-weight each entry of wide 
p-beam flux to throw#i

Proton beam uncertainty
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Throw y-y’ phase-space of RunI,II

・1000 throwing (Run1)

Other dots : 
generated flux 
with wide p-

beam parameter

・1000 throwing (RunII)

• Estimate flux uncertainty from proton beam by using RunII data and 
the same method as 2010a

Too large Y-angle variation 
compared to generated wide p-

beam flux. Beam center position in Y [mm]
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- Discard throwing samples with too far Y-angle (>2sigma) to estimate 
uncertainty

- or more wider p-beam flux samples

r.m.s. of Y-
Position 
[mm]

r.m.s. of Y-
Angle 
[mrad]

Run1 0.589 0.292

Run2 0.613 0.321

wide beam 
flux

4.146 0.299
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Flux uncertainty (w/ RunI)

• For SK νµ, three results seem to be consistent. 

• For SK νµ, not consistent between the wide beam results 
and JReWeight → need more study.
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Flux uncertainty (w/ RunII)

• Need flux generated with more wider proton beam angle in Y

• Study still going on.
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- Select p-beam < 1sigma(RunII)
- Select p-beam < 2sigma

Use 1000 throws generated by 
RunII p-beam uncertainty
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Figure 27: History of the neutrino beam centers.

100,000 profiles are generated and RMSs of reconstructed center values are
taken as the systematic errors; 9.2 cm and 10.4 cm for the x and y center,
respectively.

From the beam center measurement and the survey between the pro-
ton target and the INGRID detectors, the average beam direction in x
and y direction are measured as -0.014±0.025(stat.)±0.33(syst.) mrad and
�0.107±0.025(stat.)±0.37 (syst.) mrad, respectively. The beam direction is
measured with a precision better than the requirement.

7. Conclusion

We have reported the muon neutrino beam measurement with the T2K
on-axis near neutrino detector, INGRID, for the T2K Run 1 and Run 2
data (1.44 ⇥ 1020 POT in total). INGRID consists of 14 identical modules
arranged in a cross around the beam center. This configuration enables us
to sample the beam in a su�ciently wide area to measure the beam center
with a minimum of material.

The neutrino event rate is measured on a daily basis and remains sta-
ble within the statistical error, which is typically 1.7%. The data/MC

29

RunI RunII

Off-axis angle uncertainty
• The following factors cause flux uncertainty

• The deviation of the beam direction from the beam-axis.

• Stat. error of the beam direction measurement.

• Beam direction uncertainty from INGRID detector systematic error

• Current error estimated by only RunI data.

• We controlled neutrino beam better in RunII than RunI → Flux 
uncertainty will be reduced for RunII data.

ν beam profile history by INGRID
Summary of  INGRID beam profile 

measurementsTable 5.1: Summary of the beam center measurements by INGRID

Beam center from the INGRID center X center[cm] Y center[cm]
RUN1 + RUN2 -0.4 ± 0.7 ± 9.2 -3.0± 0.7 ± 10.4
RUN1 only 0.4 ± 1.4 ± 9.2 -8.6± 1.5
RUN2 only -0.7± 0.8 ± 10.4 -1.4± 0.8

alignment constant for INGRID vertical module, -1.9 cm, is applied.
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Figure 5.4: Reconstructed horizontal center with 100’000 profiles
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Update of off-axis angle

Chapter D. Measurement of Neutrino Beam Events at ND280
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Figure D.3: INGRID profile center during the physics run. Only the statistical error is shown.
INGRID uses the different coordinate from the beamline coordinate in x: xINGRID = −xbeam.
The correction for the misalignment in y is applied in this figure. The dotted lines indicate the
positions which correspond to the ±1 mrad beam direction.

Table D.1: Profile center and width of the neutrino beam measured by INGRID during each
physics run. INGRID uses the different coordinate from the beamline coordinate in x: xINGRID =
−xbeam. The correction for the misalignment in y is applied in this table. Only the statistical
error is given in this table.

Run x center (cm) y center (cm) x width (cm) y width (cm)
29, 30 −3.1± 6.0 0.6± 7.0 413± 9 457± 12
31 7.9± 6.0 −6.0± 6.2 453± 10 466± 11
32 −2.8± 2.9 −8.0± 3.1 439± 5 461± 5
33a −0.2± 3.7 −8.3± 3.8 453± 6 464± 7
33b −0.8± 3.2 −2.9± 3.2 448± 5 458± 6
34 2.8± 2.6 −8.9± 2.9 436± 4 465± 5

Table D.2: Mean neutrino beam direction measured by INGRID during the physics run (in the
INGRID coordinate system).

x y
Profile center (cm) 0.2± 1.4(sta.)± 9.2(sys.) −6.6± 1.5(sta.)± 10.4(sys.)
Beam direction (mrad) 0.01± 0.05(sta.)± 0.33(sys.) −0.24± 0.05(sta.)± 0.37(sys.)

153

Beam profile center in RunI for 2010a flux uncertainty

Table 5.1: Summary of the beam center measurements by INGRID

Beam center from the INGRID center X center[cm] Y center[cm]
RUN1 + RUN2 -0.4 ± 0.7 ± 9.2 -3.0± 0.7 ± 10.4
RUN1 only 0.4 ± 1.4 ± 9.2 -8.6± 1.5
RUN2 only -0.7± 0.8 ± 10.4 -1.4± 0.8

alignment constant for INGRID vertical module, -1.9 cm, is applied.

Entries  100000

Mean    3.352

RMS     9.193
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Figure 5.4: Reconstructed horizontal center with 100’000 profiles
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Beam profile center in INGRID technote (#41, v7.2)

- Difference of RunI beam profile center between two tables. → Values 
in INGRID latest technote are correct.

- Correct values written in technote#54 (“Beam update for 2010a”), 
but used values for 2010a flux uncertainty are still old (incorrect). 

- Transfer of information might not work well.

Estimate flux uncertainty by using corrected off-axis angle uncertainties
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Conformation of beam center
• Re-calculate the beam profile center by myself by the same # of INGRID 

observation as Otani-san’s → Consistent w/ Otani-san’s.

• Re-estimate the syst. error of beam center by myself by the same method as 
Otani-san’s → same as Otani-san’s.

X center [cm] Y center [cm]
2010a 0.2 ± 1.4 ± 9.2 -6.6 ± 1.5 ± 10.4

RunI only 0.40 ± 1.39 ± 9.32 -8.59 ± 1.51 ± 10.14
RunII only -0.71 ± 0.76 ± 9.25 -1.36 ± 0.82 ± 10.17
RunI&II -0.45 ± 0.67 ± 9.26 -3.00 ± 0.72 ± 10.17

OA angle uncertainty [mrad] Diff. from 2010a

2010a 0.44

RunI only 0.47 0.07

RunII only 0.37 -0.16

RunI&II 0.38 -0.14

Off-axis angle uncertainty from INGRID measurement

Beam center measurement of INGRID
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• Off-axis uncertainty decreases from Old to RunI&II : -14% → Flux 
uncertainty decrease in similar to off-axis uncertainty change

• For ND νµ, flux uncertainty also decrease by this level
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 Spare Horn 1 Field measurements
• Three times measurements of spare horn 1 

field in this year (8/9-10, 9/30, 10/27-28)

• New measurements : October 2011 
Measurements

• New equipment:

• Pickup Coil

• Longer probe mount (2m) for on­axis 
measurements

• Field measurements taken:

• On­axis w/ pickup coil on 1m probe 
mount)

• On­axis w/ Hall probe on 2m probe 
mount

• Off­center on­axis w/Pickup coil on 
1m probe mount

October 2011 Measurements 
● New equipment:

– Pickup Coil 

– Longer probe mount (2m) 
for on-axis 
measurements

● Measurements taken:

– On-axis (pickup coil on 
1m probe mount)

– On-axis (Hall probe on 2m 
probe mount)

– Off-center on-axis (Pickup 
coil on 1m probe 
mount)

October 2011 Measurements 
● New equipment:

– Pickup Coil 

– Longer probe mount (2m) 
for on-axis 
measurements

● Measurements taken:

– On-axis (pickup coil on 
1m probe mount)

– On-axis (Hall probe on 2m 
probe mount)

– Off-center on-axis (Pickup 
coil on 1m probe 
mount)

Andrew Missert
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On­Axis Pickup Coil Measurements

• Dependence with the distance 
from center of B field observed

On-Axis Pickup Coil Measurements: X-
Direction

3-Axis Hall Measurements (September)

Pickup Coil Measurements (October)

X-Direction

On-Axis Pickup Coil Measurements: Y-
Direction

3-Axis Hall Measurements (September)

Pickup Coil Measurements (October)

Y-Direction

On-Axis Pickup Coil Measurements: Y-
Direction

3-Axis Hall Measurements (September)

Pickup Coil Measurements (October)

On-Axis Pickup Coil 
Measurements

● Pickup coil used to compare 
with Hall probe 
measurements of anomalous 
on-axis field

● Used 1 meter on-axis probe 
mount

Y

X

Anomalous Field

Downstream

On-axis Coordinate Definitions

Z

Downstream
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On­Axis Pickup Coil Measurements
On-Axis Pickup Coil Measurements: Y-

Direction

As with Hall probe measurements, peak offset of 0.76ms is observed

• As with Hall probe measurements, peak offset of 0.76ms is observed.

• Now investigate the reason of this dependence

• Horn current measured at each 
z-position with pickup coil

• Compare to hall probe 
measurement (RC coil)

M
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Summary

• Again, hope to release the next flux uncertainty based on 11av2 
tuned flux (11av2.2) by the next collaboration meeting

• Now some studies are going on to update flux uncertainties

• More study for proton beam flux uncertainty

• Update of off-axis angle flux uncertainty almost done

• Apply the result from RunI&II.

• Hope to reflect horn field study on the 11av2.2
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back up
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2010a flux uncertaintyBeam update for 2010a nue analysis using Run I+II data 25

Figure 29. Error envelopes for the νµ (upper left), ν̄µ (upper right), νe (lower left)
and ν̄e (lower right) fluxes seen at SK. Fractional errors as a function of neutrino
energy are shown. Bin-to-bin correlations are ignored. xF scaling uncertainties for the
tertiary pions are included in the pion multiplicity error envelope.
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Table 9. The uncertainties in the far near ratio (NSK/NND) from various flux
uncertainty sources in percent. The numerator in the far near ratio can be νµ

signal candidates, νe signal candidates, νe background candidates or νe signal plus
background candidates at SK, where the oscillation parameters are sin2 2θ23 = 1,
∆m2

23 = 2.4 × 10−3 eV2 and sin2 2θ13 = 0.1(0.0) for νe (νµ) candidates. The number
in the parentheses is the uncertainty as of TN-040 which was calculated with the old
SK and ND inputs.

Percent Errors in Far Near Ratio

Source (1 Ring µ)/ND (νe Sig.)/ND (νe Bgnd.)/ND (νe Tot.)/ND

Pion Multiplicity 1.88 (4.41) 3.41 (10.70) 2.29 (5.55) 3.04 (9.10)

Tertiary Pion scaling 0.37 (–) 0.08 (–) 0.28 (–) 0.13 (–)

Kaon Multiplicity 4.29 (4.90) 8.65 (9.64) 7.68 (7.17) 7.30 (7.88)

Prod. Cross Sections 0.50 (0.16) 3.68 (4.03) 0.92 (0.67) 2.54 (2.84)

Sec. Nucleon Multiplicity 0.55 (–) 0.85 (–) 1.36 (–) 0.87 (–)

Proton Beam 0.43 (0.39) 1.15 (1.11) 2.13 (2.06) 1.39 (1.35)

Off-axis Angle 0.52 (0.53) 0.56 (0.61) 0.54 (0.58) 0.56 (0.60)

Target Alignment 0.08 (0.07) 0.34 (0.34) 0.21 (0.21) 0.31 (0.31)

Horn Alignment 0.05 (0.05) 0.16 (0.17) 0.10 (0.10) 0.15 (0.15)

Horn Abs. Current 0.39 (0.38) 0.76 (0.77) 0.24 (0.24) 0.63 (0.64)

Total 4.82 (6.64) 10.15 (15.03) 8.48 (9.35) 8.52 (12.48)

Table 10. The uncertainties of expected number of neutrino events at Super-K and
ND280 (NSK , NND) from various flux uncertainty sources in percent. NSK can be
νµ signal candidates, νe signal candidates, νe background candidates or νe signal plus
background candidates at SK, where the oscillation parameters are sin2 2θ23 = 1,
∆m2

23 = 2.4 × 10−3 eV2 and sin2 2θ13 = 0.1(0.0) for νe (νµ) candidates.
Percent Errors of expected number of events

Source NND NSK(1 Ring µ) NSK(νe Sig.) NSK(νe Bgnd.) NSK(νe Tot.)

Pion Multiplicity 5.53 5.47 6.86 6.04 6.06

Tertiary Pion scaling 1.39 1.76 1.32 1.12 1.27

Kaon Multiplicity 10.01 10.63 1.76 11.71 4.21

Prod. Cross Sections 7.65 7.12 11.61 6.66 10.39

Sec. Nucleon Multiplicity 5.87 6.35 6.76 6.55 6.69

Proton Beam 2.22 1.78 1.05 0.04 0.80

Off-axis Angle 2.65 3.19 2.07 2.09 2.08

Target Alignment 0.26 0.34 0.08 0.05 0.05

Horn Alignment 0.57 0.52 0.41 0.47 0.42

Horn Abs. Current 0.47 0.08 1.23 0.71 1.11

Total 15.43 15.83 15.48 16.35 14.92
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How proton beam reweighting

- ΔY = diff. from the mean of proton beam position

- ΔY’ = diff. from the mean of proton beam angle.

CONTENTS 17

6.2. E�ects of the proton beam uncertainties on the neutrino flux predictions

To study the e⇧ects of uncertainties in the proton beam parameters on the neutrino flux,

the inputs to the JNUBEAM MC were changed according the values listed Table 1 and

Table 2 [14]. The correlation among di⇧erent parameters was also taken into account.

It was determined that the uncertainties in the beam Y center and Y ⇤ angle have the

dominant e⇧ect on the neutrino flux prediction. For the 10a analysis only these errors

were, therefore, considered.

To propagate the Y , Y ⇤ uncertainties and evaluate their e⇧ects on the neutrino the

beam center and angle were varied within the systematic errors (Table 1) in accordance

with the PDF of Eq. 11.

PDF (Ȳ , Ȳ ⇤) =
1

2�⌦Ȳ ⌦Ȳ 0
⌥

1�  2
⇥

exp

 

� 1

2(1�  2)

"
�2

Ȳ

⌦2
Ȳ

+
�2

Ȳ 0

⌦2
Ȳ 0
� 2 �Ȳ �Ȳ 0

⌦Ȳ ⌦Ȳ 0

#!

(11)

where:

• �Ȳ = Ȳ �µȲ : µȲ = 0.84 mm is the average measured position of the proton beam

in run 29-34

• �Ȳ 0 = Ȳ ⇤ � µȲ 0 : µȲ 0 = 0.004 mrad is the average measured angle of the proton

beam in run 29-34

• ⌦Ȳ and ⌦Ȳ 0 are the uncertainties in the measured beam center and angle with the

correlation  

Table 3. Inputs to the beam MC used to study e�ects of the proton beam Ȳ -Ȳ ⇥

uncertainties on the normalization factor NMC
SK /NMC

ND

name of the assumed case INPUT Ȳ (mm) INPUT Ȳ ⇤ (mrad)

y+ 1.42 0.116

⌃+
y 1.07 0.290

y� 0.26 -0.108

⌃�y 0.61 -0.282

To estimate the error on the normalization factor NMC
SK /NMC

ND , the beam center and

angle were varied by ±1⌦ from the nominal values in a correlated way according to the

PDF in the Eq. 11. The inputs for the four cases considered are summarized in Table 3

where y± and ⌃± correspond to varying the beam center(Y ) and angle(Y ⇤) by ±1⌦,

respectively.

Figure 19 shows the PDF of Eq. 11 with the four points from Table 3 marked by

stars. The isocontour at

c =
1

2�⌦Ȳ ⌦Ȳ 0
⌥

1�  2
e�1/2

• Evaluate the effect of y-y’ uncertainty by the following PDF:

- Y and Y’ are varied within the measured uncertainty of the 
proton beam in Run1(or Run2) (according to Gaussian)

• Each entry of wide beam flux is weighted the following factor : 

PDF(Run1 average + varied Y-Y') / PDF(wide proton beam)
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Schematic view of the beamline 
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Figure 9.6: Neutrino beam direction measured by the muon monitor and INGRID. The error bar
represents the RMS of the spill-by-spill fluctuation of the beam direction for the muon monitor
and the statistical error for INGRID.












 


Figure 9.7: Schematic view of the beamline axis and the Super-K direction. x and z are the
horizontal axes and y is the vertical one. The z axis is defined so that the beamline axis lies on
the y-z plane.

direction !nbeam and the Super-K (or ND280) one !nSK according to the following equation:

cos θOA = !nSK · !nbeam, (9.10)





nx = nz tan θx,
ny = nz tan θy,
nz = 1/

√
1 + tan2 θx + tan2 θy,

where !nbeam,SK = (nx, ny, nz) and |!n| = 1. θx = 0.795◦ and θy = 1.26◦ for !nSK, and θx = 0◦ and
θy = 3.637◦ for !nbeam on the beamline axis as shown in Fig. 9.7. Therefore, the θOA uncertainty
is calculated as

∆(θOA)x ! |0◦ − 0.795◦|/ sin θOA × 0.34 mrad, (9.11)

∆(θOA)y ! |3.637◦ − 1.26◦|/ sin θOA × 0.45 mrad. (9.12)

The neutrino flux uncertainty due to the uncertainty of the off-axis angle is evaluated by
looking at a variation of the neutrino flux when Super-K and the ND280 off-axis detector in
JNUBEAM are moved by the amount corresponding to the off-axis angle uncertainty. Figure 9.8
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