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• Beam direction shift is smaller than physics requirements (within 1mrad) in each run 
period
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Anti-neutrino beam rate

 Improving δCP measurement sensitivity

The T2K experiment

•Measurement of δcp   
• δcp is CP violating phase of the neutrino matrix

• INGRID on-axis near detector consists of 14 
identical modules 

• Located at 280m downstream of the target 
• A INGRID module has a sandwich structure 

made of the iron plates and the scintillator 
trackers. 

• Measuring neutrino beam direction, profile 
and event rate.

Anti-neutrino beam data taking started in June 2014

 

CHAPTER 1. INTRODUCTION 2

Side view                                   Top view

Figure 1.1: A typical neutrino event. Left figure shows the side view and right figure
shows the top view. A neutrino enters from the left and interacts within the module,
producing charged particles whose tracks are shown as the red circles. Each of the
green cells in this figure is a scintillator, and the size of the red circles indicates the size
of the observed signal in that cell.
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Figure 1.2: INGRID coordinates and the definition of the module ID

 

 
Fig. 1 INGRID on-axis near detector              

consists of 14 + 2 identical modules. 

+2 modules aren’t described. 

Tracking plane

Iron plane

Veto plane

• Long-baseline neutrino oscillation experiment 
• The J-PARC neutrino beam 
• The near detector at J-PARC and far detector, Super-Kamiokande 
• Super-K off-axis angle are 2.5 degrees 

• Neutrino energy is optimized for neutrino oscillations 
• Any shift in beam direction must be within 1 [mrad] of the nominal direction

INGRID Flux and eventsEvent selection

1. Time clustering 
2. Active plane cut 
3. Track reconstruction 
4. Vertexing 
5. Beam timing cut 
6. VETO cut 
7. Fiducial volume cut

Neutrino detection 
efficiency is 66%

Beam profile and systematic error

MC in the selected events whose number of active layer = 3. Moreover, as discussed in592

Sec. 3.3, all the modules have the same tendency toward the discrepancy. Therefore,593

the systematic error for each module is positively correlated. The 1,000,000 profiles594

are generated and the beam center is reconstructed with the same method as the data595

analysis. We propagated the systematic error for each module in an uncorrelated man-596

ner, and it is conservative way. Figure 7.2 shows the reconstructed x center distribution597

and y center distribution, respectively. The RMS is taken as the systematic error.598

599
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Figure 7.2: The reconstructed beam center distributions for horizontal (left) and ver-
tical (right) directions of the 1,000,000 profiles made by the toy MC simulation.

Second one is the bias on Gaussian fitting because the small difference between the600

actual beam profile and the Gaussian profile can bias the beam measurement system-601

atically. To estimate the systematic error, the beam center is changed in MC and the602

reconstructed beam center by Gaussian fitting is compared with actual beam center. In603

the neutrino beam mode, there is 7% difference between the reconstructed beam center604

and actual beam center. The beam profile shape in anti-neutrino mode is not that605

different to the neutrino beam mode, so the systematic error is calculated as follows.606

Systematic error = 0.07×Measured center (7.1)

Please refer to Sec. 8.2 of TN-132[1] for more explanation on the systematic error607

of the bias on Gaussian fitting. To estimate the systematic error, we produced the608

MC samples changing the beam centers. Then, we compared the reconstructed beam609

centers with the actual beam centers as shown in F.g 8.5 in TN-132. You can see the610

slope of the liner fit is 0.93, and the difference from 1.0 is 7%. We assign this difference611

as a systematic error. Currently, the T2K beam direction is well-controlled ±10cm, so612

the systematic error os the bias on Gaussian fitting is less than 1cm. The size of the613

error is much smaller than sum of the other systematic errors, ∼ 10cm.614

Third one is the systematic error on the survey of the detector position, 0.2cm. The615

quadratic sum of the three errors is taken as the systematic error.616

617
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RMS is systematic error
 of direction. (10.1cm)

Reconstructed 
horizontal center

•Using the toyMC
•The number of events at each module is varied with 4.08%

Chapter 7578

Measurement of beam direction579

Figure 7.1 shows the horizontal and vertical beam profiles in the anti-neutrino beam580

mode during T2K run 5. The profile is fitted with Gaussian function with least square581

method and fitted center and sigma are defined as the beam center and width, respec-582

tively.
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Figure 7.1: Horizontal profile (left) and vertical profile (right) in the anti-neutrino beam
mode during T2K run 5

583

7.1 Systematic error584

Three sources of systematic errors on the profile center are considered.585

First one is the detector systematic error which is estimated in Chap.5. The sys-586

tematic error on the profile center from the detector systematic error is estimated using587

the toy profile MC simulation in which the number of events at each module is var-588

ied with 4.08%, the systematic error on the number of selected events as discussed in589

Chapter 5, from original profile obtained with real data. As discussed in Sec. 5.1.7,590

the dominant systematic error is closely related to the discrepancy between Data and591
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Fit # of events each module
and obtain a beam center value

•Systematic error item 
•Background 
•Track reconstruction efficiency 
•VETO cut 
•Fiducial volume cut  
etc 

• Total : 4.08% 
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Track reconstruction efficiency 
is largest error : 3.45%

Result

Run period T2K Run5 T2K Run6(until March)

Event rate [events/1014 POT] 0.562±0.001(stat.) 0.5591±0.0004(stat.) 

Horizontal beam angle [mrad]  0.050±0.067(stat.)±0.357(syst.) 0.010±0.028(stat.)±0.363(syst.)

Vertical beam angle [mrad]  0.155±0.076(stat.)±0.427(syst.) 0.102±0.031(stat.)±0.423(syst.) 

Reconstruction  
efficiency =

# of events 
(# of active plane ≧ 3)

# of events 
(success 2D reconstruction)

Data MC |Data-MC|

Reconstruction 
efficiency 97.46% 94.01% 3.45%

Side view                                   Top view

Ex : # of active plane = 4

• T2K experiment succeeded in 
generating anti-neutrino beam 

• Any shift in beam direction must 
be within 1 [mrad] of the nominal 
direction 

• Measured event rate and beam 
profile using INGRID detector 

• Beam direction systematic error is 
4.08% 

• INGRID detector recorded  
3.63 × 1020 POT  

• Event rate is  
0.56 Events/1014POT 
• Rate is stable for data taking 

• The shift in beam direction is 
within 1 [mrad] and meets the 
T2K physics requirements.

Conclusion

anti-neutrino beam measurement result
Event rate and beam direction using all data until April

• Neutrino energy is around 1GeV 
• νμ̅ cross section is about three 

times smaller than νμ cross section 
• After event selection, number of 
ν̅μ/νμ = 2.2 

• After event selection, # of events 
are corrected for event pileup, 
dead channel and background 
effects.

Vertex X distribution  
after event selection
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Neutrino flux at INGRID

•Event rate is stable for data taking
•The shift in beam direction is 
smaller than  1 [mrad]  and meets 
the physics requirements in each 
run period
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µνSK: Negative Focussing Mode, • νμ̅ flux error
• Blue line is proton beam 

profile and off-axis error 
• INGRID beam direction 

measurement result is used 
to estimate flux error.
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