
//
INGRIDのmeasurement tableについて

以前お願いした、INGRIDの角度の結果を[cm]ではなくて、
[angle]にしたものって用意できそうでしょうか。

9Near detector measurements

νμ CC event measurements is used in 
oscillation analysis

On-axis detector (INGRID)
ν beam monitor 
(rate, direction and their stability)

Off-axis detector (ND280)

•Dipole magnet w/ 0.2T
• P0D: π0 Detector
• FGD+TPC: Target + Particle tracking
• EM calorimeter
• Side-Muon-Range Detector
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FIG. 12: Neutrino beam event rate measured by
INGRID. The error bar represents the statistical error

on INGRID measurement.

TABLE VII: Neutrino beam direction measured by
INGRID in each period. Each X and Y position
includes the statistical error (first error term) and

systematic error (second error term).

Period X center [cm] Y center [cm]
RUN1 0.26 ±1.43 ±9.31 -8.59 ±1.51 ±10.20
RUN2 -0.79 ±0.76 ±9.24 -1.36 ±0.82 ±10.23
RUN3b -3.05 ±2.36 ±10.69 4.15 ±2.72 ±12.90
RUN3c -0.02 ±0.72 ±9.18 6.34 ±0.78 ±10.32

The geometry of the ba✏e, target, three horn mag-
nets, helium vessel, decay volume, beam dump and muon
monitor are modelled in JNUBEAM according to the
final mechanical drawings of the constructed beamline.
ND280 and SK are positioned in the simulation accord-
ing to the latest survey results.

The general simulation procedure is outlined in Fig. 13.

(1) FLUKA simulation 

(2) JNUBEAM

(3) hadron production re-weighting

simulate proton + C interaction in the target and the bafe

* track the particles exiting from the target 
* neutrino-producing decays

pion production multiplicity & interaction rate

Neutrino Fluxes at SK and ND

FIG. 13: Flow diagram of the flux prediction.

A. Interaction of primary beam in the target

The simulation of the interactions of the primary beam
protons with the graphite of the ba✏e and the target core
is performed using FLUKA 2008. Incident protons are
generated according to the measured proton beam optics
parameters, i.e. spatial distribution and divergence. The
kinetic energy is set to 30 GeV. Figure 14 shows the two-
dimensional projection of the simulated geometry. The
ba✏e is described as a graphite block with the dimen-
sions of 29 ⇥ 40 ⇥ 171.145 cm3 and a 3.0 cm diameter
cylindrical hole through the center. The target is mod-
eled as a graphite cylinder, which is 90 cm long and 2.6
cm in diameter. The volume inside the ba✏e hole and be-
tween the ba✏e and the target is filled with He gas. The
generated particles are traced until they emerge from the
model geometry and then information such as kinematic
variables and hadron interaction history at that point is
recorded.
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FIG. 14: A two dimensional view of the geometrical
set-up in the FLUKA simulation of the ba✏e and the

target.

B. Tracking inside horns and helium vessel.

Particles are generated in JNUBEAM, a GEANT3-
based simulation package, according to the recorded in-
formation in the previous step, and are tracked through
the horns and helium vessel.

1. Horn magnetic field

As explained in section II B 1, a toroidal magnetic field
is generated in the horns. The field strength varies as
1/r, where r is the distance from the horn axis. Since a
low frequency pulsed current (3.6 ms full width) is loaded
into the horn, the skin e↵ect is small (the estimated skin
depth is approximately 5 mm while the thickness of the
inner conductor is 3 mm.). Therefore, we assume that
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FIG. 43: Correlations of the flux for a given flavor, energy and detector. The binning on the y-axis is identical to
the binning on the x-axis.

TABLE XVII: A summary of the predicted and
measured INGRID beam center and rate for the Run 1
period. The systematic uncertainty only includes the

detector e�ciency uncertainty and does not include flux
or neutrino interaction uncertainties.

Data Prediction
Rate [events/POT] 1.59 ⇥10�21 1.53 ⇥10�21

Horizontal center [cm] 0.27±1.43(stat.)±9.31(syst.) 1.78
Vertical center [cm] -8.59±1.51(stat.)±10.20(syst.) -13.05

the predicted and measured beam center and rate for
the Run 1 data taking period. For this period, the pro-
ton beam was aimed slightly o↵ center of the target in
the y-direction, therefore an o↵set is expected in the IN-
GRID profile center. The predictions agree well with the
measurements of the neutrino interaction rate and profile
center.

B. The ND280 inclusive ⌫µ measurement

The rate of neutrino interactions in the o↵-axis ND280
near detector is predicted using the flux prediction de-

scribed here, the NEUT or GENIE [48] neutrino interac-
tion generator, and a GEANT4 Monte Carlo simulation
of the ND280 detector. An inclusive ⌫

µ

selection is ap-
plied to the interactions at ND280 by searching for events
with a negatively charged track originating in the fiducial
volume of the first fine grained detector that is tracked
by the immediately downstream time projection cham-
ber and identified as muon-like by dE/dx. The predicted
muon momentum distribution for this selection is com-
pared to the measured distribution, as shown in Fig. 47.
The interactions from neutrinos produced in pion de-
cays tend to produce events with lower muon momen-
tum (since the neutrino energy is typically smaller), while
neutrinos from kaon decays are the dominant contribu-
tion for interactions with higher muon momenta. The
predicted and measured spectra show good agreement
within the uncertainty of the flux prediction, which is
⇠ 10% for all muon momenta. This comparison does not
include uncertainties in the neutrino interaction model.

VII. CONCLUSION

In this paper, we described the neutrino flux prediction
in the T2K experiment. The predicted neutrino flux and
energy spectrum are based on hadron production data,

//
INGRID event rateについて
・縦軸の目盛りが細かすぎる
・フラットな線とのresidualがあれば便利
などのコメントが来ています。
で、コメントの度にプロットを作り直してもらうのは手間なので、
よろしければ、
- 各点のTGraphErrors (horn currentでわけてもらったほうが便利です)
- フラットな関数(TF1 ? 単純に平均値だけでもOKです)
が入ったROOTをいただけないでしょうか？
そっちの方が手間なら、いくつかのコメントをまとめた後、プロット作成の
依頼をお願いすると思います。 9Near detector measurements

νμ CC event measurements is used in 
oscillation analysis

On-axis detector (INGRID)
ν beam monitor 
(rate, direction and their stability)

Off-axis detector (ND280)

•Dipole magnet w/ 0.2T
• P0D: π0 Detector
• FGD+TPC: Target + Particle tracking
• EM calorimeter
• Side-Muon-Range Detector
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FIG. 12: Neutrino events per 1014 POT measured by
INGRID (points) overlaid with mean value (dashed

lines). The error bar represents the statistical error on
INGRID measurement.

TABLE VII: Neutrino beam direction measured by
INGRID in each period. Each X and Y position
includes the statistical error (first error term) and

systematic error (second error term).

Period X center [cm] Y center [cm]
RUN1 0.26 ±1.43 ±9.31 -8.59 ±1.51 ±10.20
RUN2 -0.79 ±0.76 ±9.24 -1.36 ±0.82 ±10.23
RUN3b -3.05 ±2.36 ±10.69 4.15 ±2.72 ±12.90
RUN3c -0.02 ±0.72 ±9.18 6.34 ±0.78 ±10.32

latest survey results. Hadronic interactions are modeled
by GCALOR model [23] in JNUBEAM.

In JNUBEAM, particles are propagated through the
horn magnetic field, and may interact with the horn ma-
terial in the target station. Particles are propagated
through the decay volume until they interact or decay.
Neutrinos from particle decays are forced to point to
SK or a randomly chosen point in the near detector
plane. The neutrino kinematic variables and the prob-
ability based on the acceptance and branching fraction
are saved. The flux and energy spectrum are obtained
from these simulated events by weighting according to
the saved probabilities. In addition, the kinematic in-
formation of the initial proton and full interaction chain
producing the neutrino are saved to allow for re-weighting
of proton beam profile and hadron interactions.

The geometry of the ba✏e, target, three horn mag-
nets, helium vessel, decay volume, beam dump and muon
monitor are modelled in JNUBEAM according to the
final mechanical drawings of the constructed beamline.
ND280 and SK are positioned in the simulation accord-
ing to the latest survey results.

The general simulation procedure is outlined in Fig. 13.

A. Interaction of primary beam in the target

The simulation of the interactions of the primary beam
protons with the graphite of the ba✏e and the target core

(1) FLUKA simulation 

(2) JNUBEAM

(3) hadron production re-weighting

simulate proton + C interaction in the target and the bafe

* track the particles exiting from the target 
* neutrino-producing decays

pion production multiplicity & interaction rate

Neutrino Fluxes at SK and ND

FIG. 13: Flow diagram of the flux prediction.

is performed using FLUKA 2008. Incident protons are
generated according to the measured proton beam spatial
distribution and divergence. The kinetic energy is set to
30 GeV. Figure 14 shows the two-dimensional projection
of the simulated geometry. The ba✏e is described as a
graphite block with the dimensions 29⇥40⇥171.145 cm3

and a 3.0 cm diameter cylindrical hole through the cen-
ter. The target is modeled as a graphite cylinder 90 cm
long and 2.6 cm in diameter. The volume inside the baf-
fle hole and between the ba✏e and the target is filled
with He gas. The generated particles are traced until
they emerge from the model geometry and then informa-
tion such as kinematic variables and hadron interaction
history at that point is recorded.
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FIG. 14: A two dimensional view of the geometrical
set-up in the FLUKA simulation of the ba✏e and the

target.

// INGRID profileのプロット

これもフォントの変更の依頼が来ているので、
このプロットにあるヒストグラム(フィット関数こみ)のROOTファイルもいただけますか？
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FIG. 43: Correlations of the flux for a given flavor,
energy and detector. The binning on the y-axis is

identical to the binning on the x-axis.
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within the uncertainty of the flux prediction, which is
⇠ 10% for all muon momenta. This comparison does not
include uncertainties in the neutrino interaction model.

VII. CONCLUSION

In this paper, we described the neutrino flux predic-
tion in T2K experiment. The predicted neutrino flux
and energy spectrum are based on hadron production
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FIG. 46: The accumulated horizontal neutrino beam
profile reconstructed by INGRID for the Run 1 period.
The profile of the number of events at each detector
module is fitted with a Gaussian function. Systematic

errors are not shown in this plot.

data including NA61/SHINE measurements and the pro-
ton beam profile measurements in T2K. The systematic
uncertainties on the neutrino flux are also based on ex-
perimental measurements. Taking into account possible
correlations between the systematic uncertainties for dif-
ferent angular and momentum bins in the hadron produc-
tion data, we estimate the uncertainties on the neutrino
flux including correlations between di↵erent neutrino en-
ergy bins. The total systematic uncertainty at the peak
energy is approximately 15 % for both the near and far
detector where the dominant source is the hadron inter-
action uncertainties. The uncertainty on the ratio of the
flux predictions at the far and near detectors for ⌫

µ

flux
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