
Update of flux 
systematic error
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Update for flux uncertainty from proton 
beam & beam direction (off-axis angle)
• Update for flux uncertainty from proton beam (p-beam) → 

more detail in p.3

• The current uncertainty estimated by only Run1 p-beam 
uncertainty.

• It is going on to estimate of flux uncertainty by using Run2 
uncertainty w/ the same method as estimation for Run1.

• Update for flux uncertainty from beam direction (off-axis angle) 
→ more detail in p.4

• The current uncertainty estimated by only RunI data → 
estimated by each Run period data.

• (Personal) time schedule : finalize at Dec. analysis meeting.
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Analysis status (proton beam)

・1000 throwing by Run1 p-beam parameters.

Other dots : using !ux made with 
wide p-beam parameter

・1000 throwing by Run2 p-beam parameters

• Make throwing samples of p-beam parameter varied within p-beam 
uncertainty and do reweighting flux → Estimate flux uncertainty.

→ Large Y-angle variation compared to reweighted wide p-beam flux.
Plan to discard large Y-angle (>2σ), or to make flux with larger p-beam Y-angle.
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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
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Analysis status (beam direction)
• Consider the following factor to estimate flux uncertainty from 

beam direction.

• The deviation of beam direction from beam-axis

• Stat. error of beam direction

• Beam direction uncertainty from INGRID detector syst. error.

• Reviewing the current error estimation by Matsuoka-san and am 
estimating the beam direction uncertainty measured with INGRID 
for each Run period.

Beam measurement in INGRID

RunI RunII

Beam summary in INGRID

More precise prediction when 
estimate by each Run period.

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.
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Figure 5.4: Reconstructed horizontal center with 100’000 profiles
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Back up

• Proton beam parameters & uncertainty
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Proton beam parameters & 
uncertainty in RunI,II

Beam update for 2010a nue analysis using Run I+II data 16

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

Beam update for 2010a nue analysis using Run I+II data 3

Table 1. Primary beam optics parameter for Run I

center position center angle profile width emittance Twiss parameter

(cm) (mrad) (RMS)(cm) (π mm.mrad) α

X -0.037 0.044 0.4273 2.13 0.60

Y 0.084 0.004 0.4167 2.29 -0.09

Table 2. Primary beam optics parameter for Run2.

center position center angle profile width emittance Twiss parameter

(cm) (mrad) (RMS)(cm) (π mm.mrad) α

X -0.0149 0.080 0.4037 5.27 0.16

Y -0.0052 -0.007 0.4083 5.17 0.14

Table 3. Number of protons on target

Run I Run II total

0.323E20 1.108E20 1.431E20

2.2. Pion multiplicity using final NA61 thin target data taken in 2007

In the original 10a analysis, the NA61 preliminary result on the pion production

by 30 GeV protons on a thin carbon target was used for the secondary and tertiary

pion tuning. The final NA61 pion production results were released in February 2011[4].

Therefore, the tuning has been updated according to the final result. Figures 2∼6

show the pion mean multiplicity per interaction measured by NA61. For comparison,

those obtained by FLUKA2008.3d[7, 8] are overlaid. To obtain the mean multiplicity,

the differential cross section is normalized by the production cross section, σprod =

σinela − σquasielastic. For the data, the NA61 measured production cross section of

229.3 mb[4] is used. For FLUKA, 241 mb is used. The FLUKA production cross section

is reported by the FLUKA simulation code and is confirmed by thin target simulations

done by ourselves.

The flux tuning factor for the secondary pion production is obtained by taking the

NA61 over FLUKA ratio of the mean multiplicity for each (p, θ) bin. Figure 7 shows

these ratios.

Figure 8 shows the fractional change of Super-K νµ flux due to the pion production

tuning based on the NA61 data. Overlaid is the previous(v2) tuning factor based on the

NA61 preliminary result. There are some differences between this version and previous

version although NA61 value’s have not changed significantly. We confirmed that this

difference is caused by a change of the θ bin sizes for the NA61 data. The preliminary

result adopted coarser binning than the final result. See p.24-29 of [9] for the details of

Uncertainty

TN054(v2.3)

Proton beam parameter
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